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having been made a^ were deemed necessary from expert- 
ence. The table of silver and gold minerals, page 133, is 
given entire, as arranged by him. 

Many of the niethods given have been tested in the la- 
boratory, and the results appended under the head of re- 
marks, after each metal considered. 
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PREFACE. 



In preparing this little manual I have endeavored to meet 
two wants, and supply a book that will answer for the prac- 
tical assayer and miner, as well as the scientific student ; 
and although I know there is much room for criticism, I 
trust it will prove acceptable to both. 

The work embodies the system of assaying practiced in 
the School of Mines of Columbia College, which has been 
organized and developed by Prof. C. P. Chandler and by 
Q. M. Miller, E. C. H. Day, T. M. Blossom, E. M., and 
the author of these notes, who have successively had charge 
of the assay laboratory. 

The parts on gold, silver, and iron are founded on the 
excellent papers published by Mr. Blossom, in the ATneri- 
can Chemist for 1870 — such modifications and additions 
having been made as were deemed necessary from experi- 
ence. The table of silver and gold minerals, page 133, is 
given entire, as arranged by him. 

Many of the niethods given have been tested in the la- 
boratory, and the results appended under the head of re- 
marks, after each metal considered. 
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All chemical names liave been avoided as far as possible, 
and where necessary, the old terms have been employed ; 
the new with f ormnlae being given in parenthesis, and in the 
appendix for reference. 

Much attention has been paid to the various processes and 
details peculiar to the West, and in this particular I have 
had the practical assistance of Mr. S. G. Sackett ; to 
whose pencil I am also indebted for most of the illus- 
trations given. The furnace and desk drawings have been 
made sectional and to a scale ; so as to serve as a guide in 
constructing the same. 

A few hints on blowpipe analysis have been introduced 
in the appendix^ as I have found that instrument an im- 
portant aid in testuig and assaying ores ; also lists of blow- 
pipe and analytical apparatus and reagents. 

The advertisements in the back of the book, have been 
added for the purpose of furnishing a guide to those who 
wish to procure assay apparatus, chemicals, etc. 



PIERRE DE P. RICKETTS. 



Assay Labokatobt, 
School of Mines, 
June let, 1876. 



PART I. 

INTRODUCTION, APPARATUS, REAGENTS AND 

OPERATIONS. 



INTRODUCTION. 



Assaying has for its object the determination and extrac- 
tion of the metallic elements from their various compounds; 

The rules are empirical, and a knowledge of chemistry is 
not absolutely necessary, although the assayer will find that 
a familiarity with chemical laws and reactions will greatly 
facilitate his work. The following is a list of the elementary 
bodies as far as known, with their combining weights and 
symbols. An element is a body which chemical research 
has failed to reduce to a more simple form, or separate into 
constituent parts. The symbol of an element is the first 
letter or letters of its Latin name ; and its combining weight 
is the smallest number of units which will enter into com- 
bination with other elements; the first column of figures 
being the old and the second the new system of combining 
weights. Hydrogen is taken as unity in both systems. 
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Table of Elements and Combining Weights. 



Aluminom, ...Al.. 
*AntimonyvSb.. 

Arsenic, As. . 

Barium, Ba. . 

*Bismnth, Bi. 

Boron, B.. 

Bromine, Br.. 

Cadminm, Cd. . 

CaBflinm, Cs.. 

Calcium, Ca. . 

♦Carbon, C. 

Cerium, Ce.. 

Chlorine, CI.. 

Chromium, Cr. . 

♦Cobalt, Co.. 

Columbium, . . Cb. . 

♦Copper, Cu. 

Didymium, D.. 

Erbium, E.. 

Fluorine, F.. 

Glucinum, Ql.. 



OLD. MBW. I 



18.7 
122. 

76. 

68.5 
210. 
,11. 

80. 
' 66. 

1 188. 

I 

I 
20. 



27.4 
122. 

76. 
187. 
210. 

11. 

80. 
112. 
188. 

40. 



6. 1 12. 
92. 
86.6 
62.2 



' 46. 
85.6 
26.1 



29.4 66.8 



94. 



94. 



81.7 68.4 
47.5 95. 
56.8112.6 



19. 
46. 



19. 
92. 



♦Gk)ld, Au. 

Hydrogen, H.. 

Indium, In. . 

Iodine, I.. 

Iridium, Ir. . 

•Iron, Fe.. 

I 

Lanthanum, . . La. . 

♦Lead, Pb. . 

Lithium, Li.. 

Magnesium, . . Mg. . 

♦Manganese,. Mn. . 

♦Mercury, Hg.. 

Molybdenum, Mo. 

♦Nickel, Ni.. 

Nitrogen, N. . 

Osmium, Os. . 

Oxygen, O.. 

Palladium, Pd. . 

iPhosphorus,. . . .P. . 

♦Platinum, Pt. , 

Potassium, K. . 



OLD. MKW. I 



197. 
1. 

66.7 
127. 

99. 

28. 

46. 

106.5 

7. 

12. 

27.6 
100. 

48. 

29.4 

14. 

99.6 
8. 

53.3 

81. 

98.7 

39.1 



197. 



'Bhodium,, 



1. I, Rubidium,.. 



118.4 
127. 
196. 
66. 
92. 
207. 
7. 
24. 
55. 
200. 
96. 
58.8 
14. 
199.2 
16. 
106.6 
81. 
197.4 
39.1 



Ruthenium, , 
Selenium, . . 

Silicon, 

♦Silver, 

Sodium, 

Strontiunk, . . 

Sulphur, 

Tantalum, . . 
Tellurium, . . 
Thallium, . . . 
Thorium, . . . 
♦Tin 

Titanium, . . . 
Tungsten, .. 
Uranium, . . . 
Vanadium, . 

Yttrium, 

'♦Zinc, 

Zirconium,.. 



..Ro. 
.Rb 
.Ru., 
> . Se. , 
. . oi. . 
.Ag.. 
.Na.. 
. . or. . 
...S.. 



• Ta.. 
.Te.. 
.Tl.. 
Th.. 
.Sn.. 
..Ti.. 
.. w. . 
..U.. 

..v.. 

Y 

..Zn. 
..Zr.. 



OLD. 

62.2 

86.4 
62.2 
89.7 
14. 
106. 
28. 



HBW. 

104.4 
85.4 

104.4 

79.4 
28. 

H08. 
23. 



48.8 87.6 



32. 
182. 



16. 
182. 

j 

64. 128. 

204. 204. 

I 

115.7 231.6 



59. 

25. 

92. 

60. 

51.3 

80.8 

32.6 

44.8 



118. 
50. 

184. 

120. 
51.3 
61.7 
65.2 
89.6 



The names of the elements treated in the following pages 
are marked with an asterisk. 

The combining weights or equivalents have been taken 
from the table prepare<3. by Prof. Chandler, for the nse of 
the students of the School of Mines ; in which the latest 
values are given. 
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The varioujs methods .for the determination of the metals 
in their compounds may be classed under two heads : 

1st. ' ' Dry way, ' ' or assaying proper. 

2d. "Wet way," or analysis. 

The first includes all determinations by the direct action 
of heat, the various operations being performed in furnaces. 

The second head embraces the estimation and separation 
of the elements by the action of solvents aided or unaided 
by heat, the use of furnaces not being essential. 

There are many cases, of course, where the first class 
merges into the second, and vice versa. 

It was originally intended to give in the following pages 
only a few concise methods for the estimation of the metals 
in their ores by fire assay ; but, as in many ores the precious 
metals are associated with others which are either of value 
or detriment, and whose determination is often necessary, a 
few schemes for the treatment of such ores in the wet way 
have been added. 

The various operations which may take place in making 
an assay proper, are — 

1st. Preliminary testing of the ore. 

2d. Preparation of the ore, sampling, pulverizing, etc. 

' 3d. Weighing out the ore and reagents. 

4th. Calcination and roasting. 

6th. Reduction and fusion. 

6th. Distillation and sublimation. 
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7th. Scoriflcation and cupellation. 

Sth. Inquartation and parting, including solution. 

9tli. Weighing beads and bullion. 

10th. Tabulating results and reporting. 

All of the above will be described further on ; but as some 
of the operations require great care in their performance, a 
few rules and hints for the guidance of the beginner may 
not be out of place. 

1st. Sample well and carefully, for without a fair sample 
the assay is useless. 

2d. Weigh carefully, and adjust the balance before 
weighing. 

3d. Always weigh an ore before roasting, and roast 
thoroughly. 

4th. Never fill a crucible or scorifier more than three- 
quarters full, and when a crucible is removed from the fire, 
tap it on the floor to settle the metal, unless otherwise 
directed, and keep the same covered. 

Sth. To break a crucible, hit with a middle-sized hammer 
near the centre, so as to break off the top at one blow. 
Then lay the bottom on the anvil, and crack it through to 
get the button whole. Never break until perfectly cold. 

To break a scorifier, lay it bottom up on the anvil ; encircle 
with the hand, and then strike the bottom. The button will 
generally come out free from slag. 

6th. Never take a scorification or cupellation from the 
furnace to finish at a future time, but complete the opera- 
tion at once. When buttons are scorified or cupelled, be 
sure that they are free from moisture. 
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7th. Be certain that all reagents used in an assay are dry 
and pure, especially when testing for the precious metals. 

8th. In reporting results, recollect, that a fire assay does 
not always give the exact amount of metal contained, but 
often shows only what the yield of an ore would be in smelt- 
ing, and that the assay of a small piece of ore can not 
represent the value of the bed or vein from which it may 
have been taken, and word your report accordingly. 

9th. Always observe the color and character of the slag- 
produced in an assay, as the nature of the ore treated may 
often be determined in this v^ay. 



BAI/ANCES AND WEIGHTS. 

Pour balances will be fonnd useful in an assay labora- 
tory. 

a. — A roagh scales for weighing lai;ge samples of ores, 
metals, fluxes in bulk, &c. An ordinary grocer* s scale will 
do very well. 

&. — A balance for weighing out ore for assay, and the bat- 
tons of the base metals. (Fig. 1). This balance should 



Pra. 1. 
take ten ounces in each pan, turn with one-twentieth of 
a grain ; and be provided with movable pans, level, and 
set-screws for adjusting. It is generally placed on a box, 
with drawer for weights. 

c. — Hanging scales for fluxes. The pans made of horn, 
and supported by threads to a brass beam. It should cany 
at least ten ounces, and turn with one-half grain. 
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d.— The button or bullion scale, (Fig. 3). This balance 
should be used for nothing but gold and silver beads, or 
bullion ; and must be accurate and extremely senaitiTe. 



Fio. 2. 
When loaded with one gramme, it should turn with one 
one-hundredth of a millegramme, and requires to be handled 
with the greatest care. It is provided with steel knives, 
agate bearings, spirit level, and set-screws. 

To Adjust this Balance. — First turn the set-screws, two 
at a time, until the bubble is in the centre of the level, and 
the balance is firm. Then note the number of divisions the 
needle indicates on the scale when vibrated, counting from 
the second swing. If it shows equally on both sides of the 
centre line it is correct. Never leave the rest down, or raise 
it when the needle is not near the centre line, as the knife- 
edges are likely to be thrown off their bearings and the 
balance injured. To clean, au artist' s blending-bruBh is very 
convenient, as it is soft and liue. 
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The Weights employed by the assayer are — 

a. — ^Avoirdupois for ores, base metals, and fluxes. 

6. — Troy for gold, silver, &c. 

c, — ^The French system based upon the gramme as a unit. 
These weights can be used for weighing ores, fluxes, and re- 
sults ; and will always be found convenient, as they are on 
the scale of ten. 

d. — ^The assay weights, which is a system made up from 
a comparison of the three foregoing, will be found ex- 
tremely simple and useful, saving a vast amount of calcu- 
lation and labor (see table, page 136). 

The unit of the system is the assay ton=29,166 grammes. 
Its derivation will be seen at a glance. 

One lb. avoirdupois =7, 000 Troy grains. 

2,000 lbs. = one ton. 

2,000x7,000=14,000,000 Troy grains, in one ton avoirdu- 
pois. 

480 Troy grains=l oz. Troy. 

14,000,000-v-480=29,166+Troy ozs. in 2,000 lbs. avoirdu- 
pois. 

There are 29,166 millegrammes in one assay ton (A. T.) ; 
hence — 

2, 000 lbs. is to 1 A. T. as 1 oz. Troy is to 1 millegramme. 

Example. — Weigh an A. T. of ore, ani if on assay 
it yields one millegramme of gold or silver, the result reads 
one Troy oz. in 2,000 lbs. avoirdupois, without further cal- 
culation. 

Should the assayer desire to make quantitative determina- 
tions in the wet way, he will require, besides the above, an an- 
alytical balance, which will carry 100 grammes in each pan, 
and turn with one-twentieth of a millegramme. This bal- 
ance should be provided with apparatus for taking specific 
gravities, rider, and weighine;-tubes, 
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FURNACES AND FUEJiS. 

1st. Furnace foe Calcih- 
INO OR Roasting. — Fig. 3 
represents two sections. 

The lireplace is made shal- 
low ; and, as a high tempera- 
tnre is not required, it may be 
made of red brick, or only 
lined with fire-brick, and the 
body of the furnace bound 
with strap-iron. 

It should also have a cast- 
iron top-plate. 

The grate-bars may be in 
one piece or separate, and 
draw out. ITie ash-pit should 
be provided with a door, 
which may be closed or opened 
in order to regulate the draft. 
A hood of sheet-iron will 
also he found necessary in 
many cases, as the fumes given ofE in roasting are often in- 
jurious. It is an excellent plan to have the hood of gal- 
vanized iron to prevent rusting. 
The chimney may be of brick, iron or clay. 

2d. Furnace foe Fusion oe Melting (Fig. 4).— This fur- 
nace should be deeper than the preceding one, and like it, 
may be built of red brick, but it is better to line it with fire 
brick. 

For heavy work the furnace should be low, to facilitate 
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the lifting in and 
out of crucibles. 
Sometimes a crane 
is added for this 
purpose. 

The chimney 
onght to be of 
brick, and the 
larger and higher 
it is, the strong- 
er the draft. This 
may be regulated 
by a damper as 
well as by the 
ash-pit door. 

The top should 
be of cast-iron, 
and the cover roll 
or slide easily. 

3d. Muffle FuKNACE FOR ScORiFicA- 

TION AND CUPELLATION, Fig. 5 shoWB 

sections of a portable cupel furnace. 

The same furnace may be used for 
both operations, but generally it will be 
found convenient to have a lai^r muffle 
for scorification and higher heat. 

The muffles are made of refractory 
clay, and in one piece ; and should be 
thoroughly dried before using. 

The draft of the furnace ought to be 
sufflcient to carry oflE fumes, which are 



Scale H-lacb ta the foot 
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often injurions. The construction of the furnace will vary 
with the fnel used and work to be done. 

Fig. 6 .shows 
the vertical and 
horizontal sec- 
tions of a double 
muffle Bcorifica- 
tion furnace, for 
works where a 
large number of 
^ scorifications are 
required. 

It has been in 
use in the assay 
laboratory of the 
School of Mines, 
New York, for 
two years, and 
its value has been 
proved. The muf- 
fles are lai^r than 
usual, and can be 
drawn out. 

The whole fur- 
nace is lined with 
fire-brick, as is 
indicated by the 
Fia. 6. ^°^ shading. 

Buie M-'uch to the toot. By placing a 

damper at the top, one-half may be used to the exclusion of 
the other: 
The Fuels employed are coke, anthracite, bituminous 
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coal, and charcoal. Sometimes oil and gas are employed 
for small laboratory furnaces. 

The coke should be about egg size and free from sulphur. 
It is chiefly used in calcining and fusion f uKiaces. 

Charcoal, anthracite, and bituminous coal may be em- 
ployed for the muffle furnace. The latter fuel requiring, 
however, a special furnace. 

Anthracite coal, stove size, is best adapted for the assay- 
er' s purpose, but charcoal may be used as a substitute for 
either coke or anthracite, when it can be had more cheaply ; 
it gives a hot fire, and is easily regulated ; but requires 
constant attention, and the pieces used should be of me- 
dium size. 

Various oil and gas furnaces are in use with varying re- 
sults, but the limits of this work will not permit a descrip- 
tion of them. See * ' Mitchell' s Manual of Practical Assay- 
ing," pages 71 to 107 inclusive. 

In lighting a fire it will be often convenient to use pieces 
of cork or corncobs saturated with rosin, which bum well, 
are cheap, and save much trouble. 

To use, it is only necessary to light a piece and lay it 
upon a little kindling-wood placed in the bottom of the fur- 
nace, then put a few pieces of wood on top and add the 
coal. 

CRUCIBLES. 

A good crucible should stand sudden changes of temper- 
ature, be infusible, impermeable, and not attacked by fused 
substances. 

The crucibles in use may be arranged in the following 
order. 

1. Black lead, or graphite for melting. 



3. Hessian 

sand crucibles, 
2. French clay. , , , . 

(Fife 7) "^ 

*' angular. (Fig. 

■■) 
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4. Gharcoal'lined crucibles. 

The most refractory crucibles are cut out of quick lime, 
or can be moulded from magnesia, and chloride of magne- 
sium, but the latter, however, are soft and not very strong. 

The composition of the black lead crucibles is generally 
one part of refractory clay, to three of graphite ; but sand 
is sometimes used. If the crucibles contain too much sili- 
cious matter they are liable to be acted upon by the melted 
charge, or the bases contained in the coal around them when 
in the fire. 

These crucibles run in sizes from 1 to 400, The smallest 
holding from two to three pounds of metal. The next, four 
to six, and so on. 

The demand is for two kinds, "steel" and "brass;" 
but they can be employed for melting all substance which 
are not oxydizing in their action. 

French crucibles are made of Paris clay and fine sand, 
and rank among the best, but are more expensive than the 
Hessian. For melting charges which can be poiired they are 
superior as the crucible can be used again. The sizes run 
from 1 to 20, with covers to match. 
■; The composition of the ordinary Hessian crucible is about 
three-.quarter8 clay (Gfennan), and one-quarter sand. They 
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are ronnd and triangular, and run in regutar Eozes, viz : 
Small fives, large do., up to eights. Halves, holding one- 
half gallon, and ones, holding one gallon, with covers to 
match. 

The charcoal crucible is made by linin g an ordinary clay 
or Hessian crucible with a mixture of charcoal and molasses. 
The charcoal employed should be very fine, and only jnst 
enough molasses used to hold it together. The mixture 
is then packed into the crucible as tightly as possible, dried 
slowly, and bored out to any extent desirable. 

Sometimes water and gum are substituted for molasses. 
Fig. 9 represents three kinds 
of charcoal lined crucibles. 



Alumina crucibles for some 
operations are very satisfac- 
*^o- 9- tory when intense heat is re- 

quired, but lime will answer as well. 

The choice of a crucible depends upon the nature of the 
substance to be treated in it, the temperature of the fire, 
and the time it is to remain exposed to the action of heat. 

If a charge be basic the crucible should be basic also, and 
mce versa. 

To test a crucible for fusibility, heat a piece of the cruci- 
ble and see if the comers are rounded, or it is fused on the 
edges. 

For corosive action fuse litharge in the crucible. For per- 
meability fiU two crucibles with water and note the time 
required for it to run out ; the one which holds the bwt be- 
ing preferable. 

The action of sudden changes of temperature may be 
ascertained by heating suddenly, and cooling first in air and 
afterwards by plunging in cold water. 
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ROASTiKG DiSHTJS, (Fig. 10), and Scorifiees, (Pig. 11.) 
^-^ Both dishes and scori- 
^f fiere are made of relrac- 
Fki.11. toryclay. They should 
*^o- lO- resist the action of lith- 

arge and not be too deep. Painting with water and oxide 
of iron prevents the cutting by strong bases, to some extent. 
Scorifiers may be bought or made, but as a rule it is 
better to buy them as they will stand transportation and 
require some care to 
make properly. 

A section of a good 
scorifier is uniform in 
character. It is close, 
and should show no 
flaws or cracks. (Pig. 
Fio. ilo. 11a.) 

CUPELS. 

These vessels are generally made of the ashes of burnt 
bones free from organic matter, ground and washed, horses 
or sheep bones are said to be the best. 

Cupels can be bought or made, but the latter is prefera- 
ble when they have to be carried some distance. The pre- 
pared bone-ash can be obtained in bulk, and is mixed with 
just sufficient warm water to cause it to hold t(^ther with- 
out being moist. Sometimes in mixing the bone-ash a little 
wood ashes is added, or a spoonful of "pearl-ash," (car- 
bonate of potash). Before adding it to the bone-ash it is 
dissolved in water. 

Too much bone-ash should not be mixed at once, as it 
dries quickly. 
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If the bone-ash is too fine or too coarse it works badly ; as 
in the first case the cupel will crack upon drying, and in the 
second, be too porous, absorb silver with the litharge and 
occasion loss. 

The cupel is formed by filling and driving the prepared 
bone-ash into a mould for the pui-pose. 

The right degree of compression should be used, as other- 
wise the cupel will be either too hard or too porous. A 
little experience will teU the operator when he has reached 
^^^ the proper point, when completed it presents the 
Fio. 12. appearance of Fig. 12. 

Care should be used in drying, plenty of time being 
allowed, and all moisture and organic matter expelled pre- 
vious to using, by heating in a furnace. Sometimes a cupel 
is made of coarse bone-ash, and the surface finished oflf with 
fine washed material. 

Cupels dried in the sun are better than those dried arti- 
ficially. They are not so liable to crack. 

In the Royal Mint, London, England, a very fine form of 
cupel is in use. It is square, with four depressions for 
holding the same number of buttons, enabling the operator 
to run two assays in duplicate in the same cupel. Iron- 
bound cupels are sometimes used when the amount to be 
cupelled is large, especially in treating sweeps. 

LUTES, CEMENTS AND WASHES. 

Good Fire Lutes. 
1. Fire clay, two parts. 
Sharp sand, eight parts. 
Horse dung, one part. 

Mix well and temper the same as mortar, until the de- 
sired consistency is reached. 
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2. Fire clay, one part. 
Sand, three parts. 

Mix with a little hair and borax water. 

3. Zinc cement. 

Dissolve three per cent, of borax in water to about 1.49 
specific gravity and then add calcined oxide of zinc to suit. 

Other Lutes. 

Plaster of paris mixed with water, milk, glue, or starch 
water makes a good lute, and will stand a red heat. Wax 
or parafine is useful for bottles, stoppers, etc., also tallow 
or stearic acid. 

A fine lute for iron vessels is porcelain clay (kaolin) 
mixed with a solution of borax in water. 

A good lute for glass vessels, is quicklime slacked in 
the air and then beaten into a liquid paste with whites of 

eggs. 
Where corrosive vapors are liable to escape a lute made of 

fire clay, and boiled linseed oil should be applied and 

covered with slips of linen spread with the lute of lime and 

egg. 
To Line Crucibles. 

Fine sifted charcoal mixed with gum water, borax water, 
or molasses enough to hold when pressed together in the 
hand, without being wet or sticky. It should contain no 
lumps. 

Wash for Crucibles and Scorifiers. 

1st. Finely pulverized chalk and water. 

2d. Sesquioxide of iron (hematite) and water. 

TOOLS. 

The tools required by the assayer are regulated more or 
less by the work to be done. 
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The following are the principal : 

Crucible tongs (Fig. 13.) They should be made with long 




Fig. 18. 

handles for taking crucibles out of the fire, etc. 
Scorification tongs. (Fig. 14.) The spring should not be 




Fig. 14. 

too strong, and the horse shoe part should just fit the 
scorifier. 
Cupel tongs. (Fig. 15.) These should be made of steel 




Fig. 15. 

and about two and one-half feet long with an easy spring. 

Three hammers are * useful. One large for hammering 
metal, one medium for breaking crucibles and scorifiers, and 
one small for marking lead buttons. 

A set of small steel dies from to 9 inclusive ; and large 
and small alphabet for marking buttons and bullion will be 
found useful, but are not necessary. 

Three pokers are convenient, small, large, and medium. 

One or two small hoes or scrapers for cleaning out the 
bottom of the cupel muffle. (Fig. 16.) 



Fig. 16. 

A pair of cutting shears and wire snippers for cutting wire 
for lead assay, etc. 

A small vice and anvil, medium size, also a suitable bench 
for the same. 

Wooden mallets, light and heavy, for packing crucibles, 
making cupels, etc. 
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Files for sampling and cutting, and several cold chisels. 
Charcoal saw for blow-pipe charcoal, and crucible tops. 

Two iron mortars and pestles, and if much ore is to be 
pulverized, a grinding plate and rubber, as shown in Fig. 
17, will be a great convenience and save labor. The plate 

is a flat iron casting 
18x24 inches, and 1 
inch thick. The sur- 
face used being planed 
smooth. The rubber 
or grinder is a piece of 
cast iron, 4x6 inches 
Fig., 17. square, IJ inches in 

the middle, by f of an inch thick at the ends ; thus 
giving a slightly convex surface, which should be true 
on the board at all points. To conduct the operation 
place the left hand upon the rubber, throwing the weight 
of the body upon it, and then grasping the handle 
with the right hand, move the iron rubber back and forth, 
depressing the handle when pushing forward and raising it 
in drawing back. 

The operation is much more rapid than in the ordinary 
mortar and pestle style, and the manipulator after a little 
practice has complete control over the ore treated. 

Should it not be convenient to have the plate and rubber, 
a long handled pestle coming up to the chest will be found 
an improvement, as the mortar can be placed on the floor 
and the pestle worked whUe the operator is in a standing 
position. 

A series of sieves, from twenty to one hundred mesh, will 
be useful for sifting ores and fluxes. The box sieve, (Fig. 
18), is a simple arrangement, and consists of a round tin 



tightly in the box. 



box with a sieve fitting into it ae 
represented in the engraving. The 
sieve is a tin frame with any d^ired 
mesh gauze soldered to it, and fits 
The advantage gained by its use 
is that in sifting the pulverized ore there is no dust. The 
fine material being passed through the sieve is kept from 
flying around. The size most convenient is 8 inches in di- 
ameter, the box 2 inches deep, and the rim of the sieve li 
inches, fitting about | inch into the box. 
Open and closed ingot moulds for casting lead and silver 
bars, ingots, etc. 

Hand button rolls for gold and stiver only. 
They should be kept covered and free froni 
dust. 

Cupel mould, (Fig. 19.). This consists of 
two parts, an iron ring and a steel pestle or 
driver, just fitting into the ring. 
A mould for pouring the assay charge in scorification. 

8 (Fig, 20. ) This should be of sheet iron 

or copper, and not too thin. It saves 
much time, and by employing it, the 
^_^_^^_ Bcorifiers can be used again. 

Shovels for coke and coal, also a small 
hatchet for splitting kindling wood. 
The coke shovel should be ribbed or 
perforated so that the fine coke or dust 
may fall through. 

Mixing scoops of Russia sheet iron 
3J by 5 inches, with straight sides and 
Fig. 30. back about f inch high. They are con- 

venient for mixing lead or silver crucible charges in, and 
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owing to the high finish of the iron, the assay on being 
poured out does not cling to the scoop ; a few sharp taps 
detaching everything. 

A tin sampler, shown in Pig. 21, will be 
found very useful. It consists of a series 
Fig. 21. ^' troughs arranged in a row and fastened 
together at equal distances by a tin strip soldered on their 
ends. A shovel full of ore emptied by a series of shakes 
upon them, is just half caught by the troughs ; one-half 
going through the openings between. By repeating this 
operation, the size of the sample can be reduced to any ex- 
tent desired. 
A laboratory desk, as shown in Figs. 22 and 23, will be 
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Fig. 22. Section. 
Scale ^ inch to the foot.* 



Fig. 28. Elevation. 

Scale ^ inch to the foot. 



found a very suitable arrangement, and very compact, con- 
sisting of four parts, shelves for bottles, closet for ore- 
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scales, drawer for cupels and apparatus, and double closet 
for crucibles, scorifiers, etc. The illustrations being made to 
a scale, the desk can be constructed from them without 
trouble. 

This style of desk has been in use in the School of 
Mines, New York, for some years, and has been found 
most convenient. The lower closet should be provided with 
a shelf and the drawer with partitions. If gas can be had, 
each desk in a laboratory should have a burner above for 
lighting purposes, and two or three large jets to which rub- 
ber tubes can be fastened so that Bunsen burners can be 
employed on the desk. These jets are best placed next the 
scale closet. 



APPARATUS. 

The amount and kind of apparatus required by the 
assayer varies ; but the following list will be found about aU 
that will be needed for ordinary work : 

About three dozen quart bottles for reagents, glass stop- 
pered. One dozen parting bottles, glass stoppered for bul- 
lion assay. Eight oz. is a good size. The stoppers should 
be square-topped and fit exactly, so that the bottles will 
not leak when shaken. 

An assortment of corked bottles of different sizes for 
samples. 

Two or three ring stands and the same number of Bunsen 
burners or alcohol lamps. The former are preferable, it 
gas can be had, and should be provided with two or three 
feet of rubber tubing for each burner. 

Two wash bottles, one small and one laige, say one-haU 
pint and pint. 
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One half-dozen horn spatulas or spoons for mixing ore. 
Some iron pans for roasting. The ordinary long handled 
frying pan is suitable, and should be about the size of the 
furnace top. Before roasting it should be lined with chalk 
or oxide of iron. One dozen parting flasks, (Fig. 24,) 

for gold bullion assay; also annealing 
cups for the same purpose. These are of 
clay and made thin, (Pig. 25.) 
Brushes for ores and fluxes made of 
p^G^ Fig. 25. ^^^^l''^ hair; or a large feather trimmed, 
makes an excellent substitute. 

A few dozen sheets of glazed paper, or stout manilla 
paper when glazed paper cannot be had, for mixing ore 
upon. Black is preferable, and when held up to the light, 
there should be no small holes. 

Hessian and French crucibles and covers of various sizes 
and shapes. 

Scorifiers, large and small. 

Scorification and cupel muffles to suit furnaces. 

Cupels from f to IJ inches in diameter. 

These should always weigh more than the button to be 
cupelled. 

Glass beakers and rods. Funnels for filtering. Gum 
labels, note book, towels, large and small porcelain mortars, 
balances, scales and weights, as have been described. 

For volumetric work, silver bullion, etc., graduated 
flasks, pipettes and burettes, will also be necessary. See 
bullion assay, page 102. 

Should the assayer wish to be prepared for all kinds of 
work, it would be well for him to provide himself with the 
complete list on pages 167 and 168, appendix, or at least iron, 
clay and glass retorts, agate mortar (large), one or two 
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platinum crucibles and dishes, and a couple of Bunsen bat- 
tery cells. 

REAGENTS AND CHEMICALS. 

These may be divided into, six classes. 

a. Reducing. To this class belong those bodies which 
have the power of removing oxygen from its combinations, 

h. Oxidizing. All bodies which give up oxygen with 
facility. 

c. Desulphurizing. This class iQcludes all substances 
which possess a strong affinity for sulphur, and will decom- 
pose its compounds under the action of heat or in solution. 

d. Sulphurizing. Sulphur and such of its compounds as 
give up their sulphur easily upon elevation of temperature 
or in solution. 

e. Fluxes. Under this head, we include a large class of 
bodies, but generally they are substances which render 
others to which they are added more fusible. Either by 
acting as a solvent or as a decomposing agent. Fluxes are 
either acid, basic, or neutral in their action, 

f. Solvents include solutions which are used in the wet 
way only. Such as distilled water, nitric, sulphuric and 
hydrochloric acids, etc. 

g, Precipitants in the wet way. As in the salt solution 
used in the bullion assay. 

The following are the principle reagents and chemicals 
employed by the assayer in his work. There are, however, 
many others which might be used, but they can all be 
classed under the heads just given. 

Bicarbonate OF Soda (sodic bicarbonate, NaHCO.) 
or the corresponding potash salt. These act as desulphur- 
ising agents, and in some cases as oxidising agents. 
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The latter action being due to the carbonic acid contained. 
Sometimes they act as basic fluxes. 

They should be free from moisture, and lumps. On 
account of their easy fusibility they can retain in suspen- 
sion, without losing their fluidity, a large proportion of 
fiinely powdered infusible substances. 

Litharge (PbO), is a basic flux, oxydizing and desul- 
phurizing agent, and supplies the lead in the gold and 
sUver crucible assay. It should be dry, and free from red 
oxide of lead, as the latter has the power of oxydizing 
silver, and thus causing loss of that metal during the assay. 
To free litharge from the red oxide, fuse the same in a 
crucible, and pour the mass into a cold ingot-mould, keep- 
ing it from the air while cooling. All litharge before using 
should be well sampled, and assayed for silver. To do this, 
charge in a crucible — 

Litharge 4 A.T. 

Soda 2 " 

Charcoal • 1 gm. 

and cover with a layer of dried salt, one-quarter of an 
inch thick. Fuse in a hot fire until completely liquid, then 
withdraw, and proceed as in the assay of a silver ore (p. 66). 
White lead (carbonate of lead — ^plumbic carbonate PbCO,), 
is sometimes employed instead of litharge ; also, acetate of 
lead for delicate experiments. 

Borax, Crystallized (SNaBOa.BaOs-t-lOHjO). — This acts 
as an acid flux ; but, on account of the water contained, 
it is generally employed in a vitrified condition, or borax 
glass (SNaBOa.BjO,), which has a more intensified ef- 
fect. It has neither an oxydizing or desulphurizing 
action. 

To prepare — Fuse the commercial borax in a chalk- 
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lined crucible, pouring the fused mass out on a clean sur- 
face to cool. Pulverize, and keep in a glass-stoppered 
bottle. As borax, when heated, loses its water of crystal- 
lization, and undergoes an immense increase in volume, 
only a little should be added at a time in fusing. Boracic 
acid (H,BO,) is also sometimes used. 

Silica (SiO,), acts as a good acid flux, and can often be 
used with advantage. A good substitute is glass (NajSi, 
C+CaSijO^+SiOj), as it is easily fusible, and forms a good 
slag. It should be powdered ^nd free from moisture. Idme 
glass is the best. 

Black Flux, Substitute. — ^A mixture of three parts 
flour and ten parts of bi-carbonate of soda acts as a flux and 
reducing agent, and is especially useful in the lead assay. 
Black Flux, proper=l of nitre and 3 of argol — deflagrated. 

Cyanide of Potassium (potassic cyanide KCy=KC]Sr), 
as a flux for reducing and desulphurizing is invaluable. 
It should be prepared with care and kept in a tight bot- 
tle, as it absorbs moisture. Take the ordinary commer- 
cial article and pulverize in an iron mortar as fine as possi- 
ble. Never sift, as the dust is poisonous. To protect your- 
self, cover the mortar with a towel, or a board having a 
hole in the centre for the pestle. 

Ferro-Cyanide of Potassium (yellow prussiate of pot- 
ash)(potassic ferro-cyanide K^Cfy =4KCY,FeCya), will often 
be found useful as a flux for reducing and desulphuriz- 
ing. The crystallized material should be powdered in a 
porcelain mortar, and dried over a slow fire until it is almost 
white. If the heat is too high it will carbonize a^d turn 
brown. 

Argol (KHC^H^Oe), crude bitartrate of potash, acts as a 
basic flux and reducing agent. It should be pulverized 
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and dry, and its reducing power determined. For this 
purpose we charge 

Argol 2 gms 

Litharge 2 A.T. 

Soda i '' 

in a crucible, fuse in a hot fire, cool, extract the button and 
weigh in grammes. Dividing by two gives the amount of 
lead one gramme of argol will reduce from litharge. 

Charcoal, acts as a reducing agent and desulphurizer. It 
should be finely powdered and its reducing power deter- 
mined, as in the case of argol. Using one gramme instead 
of two OS in that assay. Ordinary wood charcoal wiU re- 
duce twenty-eight grammes of lead from litharge. 

Starch n(C,Hio06)(C„H„Oii), sugar, and gum, may also 
be used for reducing agents, but are not so convenient. 

Dried starch reduces thirteen parts of lead. Common 
starch about eleven and one-half parts. Sugar fourteen 
and one-half, and gum arable eleven parts. For some pur- 
poses pure hydrogen gas will be found essential as in the 
assay of oxide of tin. It is the strongest and best reduc- 
ing agent, but requires care in its preparation. It is made 
by dissolving zinc in dilute sulphuric acid, and passing the 
gas evolved through oil of vitrei, to dry it before using. 
One part of hydrogen will reduce about one hundred and 
four parts of lead from litharge. 

Metallic Iron (Fe), is a desulphurizing agent, and is in- 
dispensable, especially in the assay of lead ores. The 
best form is iron wire about i inch in diameter. Nails and 
fiUngs may also be used. 

Pure Lead (Pb), in sheet or granulated form, is used prin- 
cipally in the assay of silver ores. It acts as a basic flux, 
and a solvent or wash for the precious metals. The sheet 
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form is useful in cupelling gold and silver beads, and in tjie 
bullion assay. The granulated is essential in the scorifica- 
tion assay. 

It can be obtained pure by decomposing the best white 
lead by charcoal, and granulating or fusing in bars, as the 
case may require. 

In sections where granulated lead free from silver, . or 
white lead, cannot be obtained, the assayer can make his 
own granulated lead from bar lead, poor in silver, by the 
following method : — Melt about fifty pounds of bar lead in 
an iron pot or crucible, and keep it just at the melting 
point. Then pour a ladleful of the melted lead into a 
wooden bread-tray which has been well chalked on the in- 
side. Keep this agitated by gently rocking the tray to 
prevent solidification, and when the mass begins to get 
pasty, throw it into the air and catch it again repeatedly 
until cold, when the metal will be found to be nearly aU 
granulated. Sift through a twenty-mesh sieve, and what 
does not go through re-melt. The whole fifty pounds can 
be granulated in this way in two hours. After granulation 
sample well and test about thirty to fifty grammes for 
silver, by the scorification assay. In using the lead, the 
silver contained in it must be deducted from the results in 
assaying an ore. 

Nitre (potassic nitrate KNO,), acts as a basic flux and 

oxydizing agent. It should be finely powdered, dry, and 

assayed for its oxydizing power. Charge : 

Nitre 3 gms. 

Charcoal 1 '' 

Litharge 2 A.T. 

Soda 1 '' 

Place in a Hessian crucible and cover with salt. Fuse in a 

hot fire, remove, cool and weigh. The diflFerence between 



REAGENTS AND CHBMIOALS. 41 

the weight of the button obtainqd and that given in the 
assay of charcoal, divided by three, gives the oxydizing 
power of nitre per gramme. 

Powdered Lime (CaO), (dry), and fluor spar (Ca F,), 
will often be found useful as basic fluxes, especially in the 
assay of iron ores. Magnesia (Mgo), and alumina (A1,0,) 
or kaolin (Al, Os-SSiO,) — ^are also used, and cryolite (3NaF. 
AlPj) for tin ores. 

As Sulphurizing Agents : powdered sulphur (S), pure 
galena (PbS), or sulphide of antimony (Sb,S,), are em- 
ployed. 

Carbonate of Ammonia (ammonic carbonate (NH,) ,00,), 
as a desulphurizing agent, is used in the decomposition of 
some sulphates, as sulphate of copper, in roasting. It 
should be powdered and kept in a close vessel. 

Common Salt (sodic chloride NaCl), as a cover and wash, 
and as a reagent in the bullion assay, should be always 
kept on hand. The purer it is the better, and it must also 
be fine and dry. 

As Solvents and Precipitants — distilled water (H,0), 
sulphuric acid (H^SO^), nitric acid (HNO,), hydrochloric 
acid (HCl), chloride of sodium, nitrate of silver (argentic 
nitrate AgNOj), and sulphuretted hydrogen (H^S), are most 
frequently employed. 

The acids may be purchased pure. Nitric acid should 
be free from chlorine, -which can be separated by the addi- 
tion of nitrate of silver, drop by drop, until a precipitate 
ceases to form. The clear acid, after settling, being drawn 
off with a syphon. 

Nitrate of silver may be made by dissolving pure silver 
in nitric acid free from chlorine ; evaporate to dryness and 
dissolve one part of the salt in twenty parts of distilled 
water. 
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Sulphuretted hydrogen is best prepared from powdered 
sulphide of iron (ferrous sulphide FeS) and dilute sul- 
phuric acid. The gas being passed through a second bot- 
tle filled with water to wash it. Fig. 36 shows the appara- 
tus in position for use The glass 
tubes are connected with small pieces 
of rubber tubing. The gas may be 
passed Into a solution to be precipi- 
tated, or a water solution may be 
saturated ajid used at pleasure. The 
sulphide of iron can be made by 
heating scrap iron or borings to a red 
Fig. 26. heat in a crucible and throwing in 

sulphur. The sulphide produced may be then fused or 
broken up, still-fusion is unnecessary. 

Other Chemicals and reagents will often be found neces- 
sary if assays in the wet way arQ to be made, but the 
reader must be referred to page 168. The most important 
are arsenic (As), arsenide of iron (ferrous arsenide Fe,As), 
hyposulphite (Na,H,S,0,) and sulphide of sodium (Ifa^S). 

PRELIMINARY TESTING OF ORES. 

Before breaking up a sample it should be thoroughly 
examined to determine, if possible, its miueralogical char- 
acter, and if this is impossible it should be tested with the 
blowpipe, by the scheme and table pp. 157-164, appendix. 

By the result of the blowpipe assay the assayer can set- 
tle upon what method he will pureue, and often save much 
time. The determination of the presence of gold will de- 
cide the question of crucible or scorification assay. Areenic 
antimony or sulphur, that of roasting, etc. With a lit- 
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tie practice the assayer will seldom have to use the blow- 
pipe when the specimen is in lump. The color, hardness, 
weight and general appearance indicating the nature of the 
ore, and consequently the method of assay ; all powdered 
samples must, of course, be tested by the blowpipe. 



SAMPLING AND PULVERIZING. 

The selection and preparation of the sample for assay 
may be called the " secret of success." It is the most im- 
portant operation which the assayer has to conduct ; and 
unless the sample be well taken his work will be useless. 

No matter how large or how small the amount of ore he 
may be called upon to treat, the same care is necessary in 
the sampling ; for one portion may be very rich and another 
portion valueless, so far as the metal sought for is concerned. 
The sample, therefore, taken for an assay, must always be 
an average of all the ore. 

The method of sampling an ore depends upon its consti- 
tution : 

a, — The ore contains no metallic particles. 

6. — ^The ore contains metallic particles. 

In the first case the operation is comparatively easy. If 
there is a large quantity of ore to be sampled, it is broken 
up more or less finely ; the degree of fineness depending 
upon the amount of ore from which the lot for assay is to 
be taken ; and is then either thrown upon a sampler, page 
33, or divided by piling it in a heap and cutting it in 
quarters, one of which may be selected to be again broken 
up and quartered, and so on until a sample sufficiently 
small for assay is obtained ; or an equal portion of each 
quarter may be taken, and the four portions well mixed, 
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broken upj thrown in a heap, and the operation repeated 
until the required sample is reached. If there is only a 
single specimen or lot obtained by a sampling as above, it 
is better to crush it, and pass it all through a sixty or 
eighty-mesh sieve; the finer the better. The pulverized 
ore is then well mixed with a spoon or spatula on glazed 
paper, and the amount for assay weighed out by taking a 
little here and there, or dividing into quarters and taking 
some from each. 

The fine ore should never be shaken to mix it, or poured 
upon the scale pan directly from the vessel in which it is 
contained. 

h. — ^The ore contains metallic particles. 

The sample may be selected from the heap of ore in the 
same manner as described under a, but a larger lot must be 
taken for assay and the whole pulverized and passed through 
an eighty-mesh sieve, which will divide the ore into two 
portions : 

1st. Siftings. 

2d. Metallic residue. 

The siftings must be well mixed and sampled upon glazed 
paper, as above. 

The metallic residue must be tested as a whole and Twt 
sampled. 

The method of making the assay and calculation of re- 
sults will be given hereafter. 

Care must be taken in preparing a sample that all appa- 
ratus employed is clean, especially the mortars and sieves. 

The first can be cleaned by pulverizing a little sand in 
them, or using a pumice-stone pestle, and the latter by rub- 
bing with a clean towel or rapping upon a bench. 

The box sieve, (page 28), will be found very convenient, 
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and better than the ordinary kind, as it prevents the loss of 
dust which would alter the value of the sample more or less. 
The sieve should be used for nothing but ores, and carefully 
cleaned after each operation. 

To sample bullion, chip from alternate comers above and 
below ; or else melt and take the first and last pouring. To 
sample coin : for silver, stamp out small pieces from the 
center and edge. Gold coins, cut slips running from the 
center to the circumference. 



WEIGHING ORE AND REAGENTS. 

The ore, litharge, test lead, oxydizing and reducing 
agents, should be weighed accurately. 

The ordinary fluxes may be weighed approximately, still, 
it is better to weigh close, as more uniform results are ob- 
tained. , 

The same i)ans of either the flux or ore balance should 
always be used for the weights, and the latter must be 
handled with the pincers provided for that purpose. The 
ore scales should be kept free from dust, and be adjusted 
before each weighing, for next to the sampling the weigh- 
ing of the ore is most important. 

When a number of charges of the same ore are to be 
weighed, weigh out the fluxes first, and then add the 
ore in order. In this way the work will be greatly facil- 
itated. 

Instead of weighing the test lead and pure lead, they can 
be measured. A very simple ajid good test lead measure is 
a glass tube about i of an inch in diameter, in which a cork 
is fi.tted to slide up and down. The tube being graduated 
for known weights. As far as possible glazed paper or watch 
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glasses should be used in weighing, to prevent substances 
from touching the scale pan, e8i)ecially in employing the 
quantitative analytical balance. 

If the substance is one which is liable to absorb moisture 
from the air it should be weighed between watch glasses, 
fastened with a clip. Cyanides must never be weighed 
upon the pan direct. 

The balance pans of the bullion and quantitative balance 
should never be handled with the fingers or set upon a rough 
surface. 

CALCINATION AND ROASTING. 

In calcination the object is to drive off moisture, while in 
roasting the operation is conducted in such a manner as to 
ensure oxidation, and the elimination of sulphur, arsenic, 
antimony, etc. To calcine a substance it is not necessary 
that the air should have free access, or that the material 
treated be stirred. 

A high temperature is seldom necessary, 212^-220° F. be- 
ing sufficient. 

Crucibles will be ^pund the most convenient vessels for 
calcining. 

For roasting, combustion must take place, and conse- 
quently the vessels employed, must be open and flat to allow 
the oxygen of the air to act freely. The ore must be stirred 
continually, and when easily fusible, be mixed with some 
substance to prevent agglutination. Charcoal, graphite, or 
sand may be used for this purpose. The heat should be low 
at first, and raised toward the end of the operation, and in 
some cases chemicals mixed with the mass hasten the pro- 
cess, and render it more complete ; as in the addition of 
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carbonate of ammonia in roasting copper ores. The opera- 
tion may be performed on a crucible furnace in an iron pan 
lined with chalk or oxide of iron ; or in an open vessel like 
a scorifier, (Fig. 10), in a muffle furnace. In any case the 
draft of air should be strong, as the fumes are injurious. 

A very nice stirrer for this operation can be made from a 
piece of ordinary wire, by doubling it, and bending down 
the loop like a small hoe ; the ends of the wire being twisted 
together to form a handle. 

REDUCTION AND FUSION. 

Reduction is simply the removal of the oxygen from the 
body acted upon ; generally by the action of substances 
having a stronger affinity for it. 

The operation of reduction is usually accompanied by 
fusion, which is simply melting, although they may act in- 
dependently of each other. Reduction and fusion are car- 
ried on in crucibles and scorifiers, etc. 

The heat required is higher than that necessary for the 
foregoing operations, consequently the draft should be 
stronger, and for this reason wind furnaces are employed. 
Fusion is sometimes a preliminary step to oxidation and 
sublimation. 

To perform the operation of reduction in a muffle fur- 
nace, the muffle must be partially filled with charcoal, and 
the mouth closed. 

DISTILLATION AND SUBLIMATION. 

Distillation may be divided into two cases : 
a. — ^When a solid is acted upon. 
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b. — When a liquid is acted upon. 

The product is generally liquid. 

Sublimation is similar to distillation, but the product is 
solid. 

Both operations may be conducted in flasks, retorts, or 
crucibles ; but usually in the operation of distillation a 
cooled condenser is necessary, as in the process of making 
distilled water. The term "destructive distillation" is 
used where the body acted upon undergoes decomposition. 



SCORIFICATION AND CUPELLATION. 

Scorification and cupellation may be called a combination of 
fusion, roasting and sublimation, the diflference being, that 
in the latter case the volatile compounds formed are absorbed 
by the cupel, while in the former they form a slag. Both 
will be described in detail hereafter. (See assay of silver 
ores.) 

INQUARTATION AND PARTING. 

Under this head comes the separation of alloys, and the 
treatment of the buttons from the gold and silver assay. 

Inquartation is the process of alloying gold with silver to 
form a more soluble alloy, while parting is the separation of 
metals by solution, and includes the same. 



WEIGHING BEADS AND BULLION. 

This operation must be conducted with the greatest care, 
and the balance adjusted both before and after weighing. 
Before weighing, the bead or bullion should be well cleaned 
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with a small brush. To weigh the buttons of the base 
metals the ore scales are sufficiently accurate ; but for weigh- 
ing silver and gold, the bullion balance must be employed. 
The weights should be counted on the pan, and the spaces 
in the box as a check. 

It is best to keep the bullion balance in a separate room 
from the laboratory, where it wiU be free from dust and 
fumes. It should also stand upon a firm shelf, to prevent 
shaking. In determining a weight, do not use the weights 
at random, but find the nearest single weight, and add the 
others in regular order, until the reituired combination is 
reached. 

In duplicate assays the buttons should balance each 
other, or very nearly so. 

To facilitate the weighing out of pure silver in the bul- 
lion assay, Mr. W. S. Ward of the U. S. Assay Office, in 
the city of New York, has devised a series of standard 
disks, which run from fifty to five hundred milligrammes, 
and by combining one or more almost any desired weight 
can be obtained, thus saving labor and time. When obtain- 
ing a weight the door of the balance should be kept closed, 
and the number of divisions marked by the needle observed, 
and on which side of the centre-line they are. Each division 
counts 1-10 of a milligramme on the second swing, and the 
total can be either added or deducted from the weights in the 
pan, as the case may be ; if the button is heaviest, add, if 
lightest, subtract. On the q*uantitative balance the rider 
indicates milligrammes and fractions of the same. So that 
in obtaining the final weight after the pans are nearly bal- 
anced, the door can be closed and the rider adjusted by 
means of the rod from the right-hand side. Never lean on 
the balance shelf in weighing or leave the rider on. The 
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first may throw the balance out of adjustment. The sec- 
ond, cause error in the next weighing. 



TABULATING RESULTS. 

Reporting. — In making an assay each result should be 
noted as obtained, and nothing left to memory. Care should 
also be observed in arranging and reporting. To facilitate 
this, a series of blanks will be found on pages 142-149, from 
which a choice can be made. 

The report should be made as simple and comprehensive 
as possible, and written in terms which a business man can 
understand. 

It should also indicate in the case of gold and silver the 
ounces Troy to the ton avoirdupois, and the value, in 
gold, per ton, of ore. Gold being taken at $20.67 per oz. 
Troy. Silver variable. The value by the old U. S. standard 
being $1.29 per oz. 

Base metals are reported in percentage. Bullion, the 
number of parts in a thousand, or fineness. 



PART II, 



FIRE ASSAYS. 



LEAD. Symbol— ^h. 

Sources. — ^The principal ores of lead are ; 

Galena (sulphide) (PbS), Pure=86.6 lead 

Cerrusite (carbonate) (PbCO,), '' =77.52 " 

Anglesite (sulphate) (PbSO,), " =68.31 '' 

Pyromorphite (phosphate and chloride) 

(3Pb3P,0,+PbCl,), " =68.59 " 

But lead also enters into the composition of many min- 
erals although seldom in workable quantities. 



Assay. — The assay of lead may be performed either in 
the crucible or muffle furnace. The methods of treating 
varying with the ores. The object of the assayer being in 
all cases to decompose the ore treated, and obtain a button 
of lead. 
Methods applicable to sulphides, etc. : 

IsT. 3d. , 3d. 

I 



Ore 10 gms. 

Black Flux 

Substitute 

3 Loops Iron Wire, \ 

Points down. f 

Salt Cover. 



I ...25 



Ore 10 gms. 

Soda, Bi-Carb...20 *' 

3 Iron Nails 

Points down. 

Salt Cover. 



Ore 10 gms. 

Ferro Cyanide of 
Potassium 20 '* 

Cyanide of Potas- 
sium 10 ** 

Salt Cover. 



The charges should be well mixed, placed in a crucible, 
and covered with salt. The wires or iron nails being added 
in such a manner that they can be drawn oiit quickly after 
fusion. 

The crucible must be covered while in the fire and dur- 
ing the process of cooling. 

In the first and second methods a double sulphide of soda 
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and lead is formed, which is acted upon by the iron present. 

The carbon acting also as a reducing and desulphurizing 

agent. 

4th. 

Ore 10 gms. 

Soda Bi. Curb 20 " 

Argol 5 " 

Flour 2 " 

Borax (unf used). . . 1 '' 

The ore and first three fluxes are mixed and placed in a 
small Hessian crucible, which will go into the muffle of the 
cupel furnace. The borax is then added, and three nails or 
two pieces of iron wire bent into the form of hairpins stuck 
into the mass ; after which a cover of salt i-inch thick, is 
packed upon the whole charge. 

Several assays can be run in a ^luffle at once, but care in 
heating should be observed. The muffle should be at a 
bright cherry-red when the assays are introduced, and 
the heat raised until the salt cover fuses. This will take 
about twenty minutes, after which the muffle is made white 
hot for about ten minutes, when a perfectly fluid fusion is 
obtained. The assays are then withdrawn, the wires care- 
fully taken out, the crucibles tapped gently, and the 
contents poured into a mould. This operation must be 
performed carefully and quickly, to prevent solidification 
of the slag. The iron and carbonaceous material act as 

already explained. 

5th. 

Ore 10 gms. 

Cyanide of Potassium 

20 to 25 " 

Salt cover 

Fuse in a moderate fire twelve to fifteen minutes, keep- 
ing the crucible covered while in the fire and cooling. 
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The cyanide of potassium takes the sulphur from the lead 
forming a sulpho-cyanide of potassium. 
Methods applicable to oxidized ores and carbonates : 

IST. 

Ore 10 gms. 

Argol 5 " 

SodaBi-Carb 20 " 

Salt cove* 

Mix well and heat slowly for about twelve minutes, and 
then strongly until in complete fusion. Remove from the 
lire, cool and break. 

The argol in this case acts as the reducing agent, owing 
to its carbon. 

For treatment of cupel bottoms add ten grammes borax 

glass. 

2d. 

Ore 10 gms. 

Blackflux, sub 35 '' 

Salt cover. 

Fuse in a hot fire, and in some cases where the material 
treated contains substances fusible with difficulty, borax 
glass may be added to facilitate the fusion. 

The lead assay is not accurate for several reasons, chiefly 
because of the volatility of the lead, and the presence of 
substances which alloy with the button. 

Antimony and zinc in an ore interferes with the assay ; 
as the first will generally be found with the lead, while the 
zinc, though driven off, carries lead with it. 

When much antimony is present, the following method 

may be advantageously employed. (Mitchell, pages 879- 

380). 

Ore 10 gms. 

Carb. of potash 35 " 

Saltpetre 1 " 

Salt cover. 
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The assay is performed in a muffle furnace, and requires 
about thirty minutes for fusion, then t^n minutes slow cool- 
^ ing, which is done by opening the door of the muffle, and 
decreasing the heat. Finally finishing with closed muf- 
fle, and a high heat for ten minutes, when the crucibles are 
removed, cooled and broken. Most of the antimony re- 
mains in the slag. This method requires care and practice. 
Very often in making an assay in the muffle the crucibles, 
being small at the bottom, fall over. To avoid this, make a 
little platform of clay for each crucible. 

Remarks. — Pure galena, treated by the foregoing meth- 
ods, for sulphides, gave the following : 

Methods. Results. 

No. 1 78.4 and 78.6 

" 2 73. " 73.4 

" 3 78.5 " 79.1 

The assay by cyanide gives lower results, but cleaner but- 
tons. 

The yield by muffle assay is good, duplicates agreeing 
within 2 per cent. 

The first method for carbonates gives weights varying 
from 1 to 2 per cent. 

Care is required in fireing. 

ANTIMONY. &pmbol~Sh. 

Sources. — The principal ore of antimony is the sul- 
phide — called stibnite, or grey antimony ore (Sb, S,) — which 
contains, when pure, 71.98 per cent, of metal. Antimony 
is also found native alloyed with other metals, and in com- 
bination with oxygen. 
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Assay. — In the assay of antimony ore, the assayer may 
be required to determine one of two things. 

a. The pure sulphide of antimony (antimonium crudum), 
which the ore may contain. 

&. The metallic antimony . (regulus of antimony), which 
the ore may yield. 

a. Determination of the sulphide. As sulphide of anti- 
mony fuses at a low red heat, it is not changed in its char- 
acter if the air is excluded, so that the following method 
may be adopted : 

Charge the broken ore into a crucible the bottom of which 
is perforated, and just fits into a second crucible about half 
its depth. Then cover and lute the lid and the joint be- 
tween the two crucibles with fire clay and sand. The upper 
crucible only should be heated, and to effect this the lower 
can extend into the ash-pit of the furnace, being supported 
by an inverted crucible or a brick. 

The sulphide of antimony wUl melt and collect in the 
under crucible, while the sUicious and earthy matter re- 
mains in the upper. 

&. Determination of metallic antimony. 1st. The ore is 
oxidized. 

Ore. 10 gms. 

Black flux sub 25 '' 

Argol 1 '' 

Salt cover. 

This assay is conducted in the same manner as the lead 
assay, only the heat must be regulated with more care, and 
the assay taken from the fire as soon as finished. The cover 
being left on. 

The flour in the black flux substitute, and the argol, act 
as the reducing agents, metallic antimony being produced. 
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2d, The ore is a sulphide. 

Ore 10 gms. 

Cyanide of potassium, 

35-40 " 
Salt cover. 

The charge should be well mixed, the heat low, and 
the operation performed quickly ; observing the same pre- 
cautions in cooling as before. 

Remarks. — The result obtained in assaying for antimony 
cannot be accepted as the correct amount of metal in the 
ore ; it only represents the possible yield, and the button 
often contains other metals besides, which have been reduced 
with the antimony in the ore, when the latter is not pure. 
It should, therefore, be tested for iron, etc., alloyed with 
the antimony. The button should be cleaned by washings 
not hammered, to detach the slag, as it is brittle. 

When much iron and siliceous matter is contained in the 
ore, the method for the determination of the sulphide does 
not give good residts. Two assays of impure stibnite gave 
44.5 and 44.2 i)er cent. 

To separate from foreign metals, break the button and 
dissolve in concentrated nitric acid, which converts the an- 
timony into antimonic acid, which is insoluble. Filter, 
wash, dry and ignite in a porcelain crucible ; the weight 
found multiplied by .7922 equals the metallic antimony. 
Practically it is not necessary to treat the buttons from the 
fire assay unless they are very impure. 

For some impure ores a very large charge of cyanide 
(say 50-60 gms.), and a quick, hot fire will be found to give 
good results. 
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GOLD AND SILVER. Symbols— Au. and Ag. 

Sources. — All substances containing gold and silver may, 
for the purposes of the assayer, be divided into two classes : 

Class 1st. Minerals or ores, including incidental indus- 
trial products. 

Class 2d. Metallic gold and silver, and alloys, native or 
artificial. 

Native gold alone occurs in nature sufficiently abundant 
to acquire any great commercial value. It is found com- 
monly in a quartzose gangue, and nearly always associated 
with one of the following minerals : Iron and copper py- 
rites, mispickel or arsenical pyrites, blende, and galena. 
There are also compounds with tellurium, and native alloys. 
(See page 134). 

The principal sources of silver are silver glahce, stephanite, 
pyrargyrite, kerargyrite, native silver, galena and agentife- 
rous copper ores. But as many minerals contain silver in 
greater or less quantity, for the convenience of the assayer, 
a complete list has been arranged on page 133. 

The assay of gold and silver comprises. 

a. Assay of ores. 

b. Assay of alloys, according as we have material of 1 
or 2. 

a. Assay of Ores. — ^Assays of gold and silver ores are 
made in almost the same manner, so that a general description 
will answer for both. They embrace the following steps : 

1st. Preparation of the sample. 2d. Collection of the 
gold and silver in a lead button. 3d. Cupellation of the 
lead button. 4th. Weighing the bead. 5th. Inquartation, 
parting, and cupelling of the gold residue. 6th. Weighing 
the gold. 
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Extra care must be observed in sampling gold and silver 
ores. 

2d. The collection of gold and silver in a button of lead 
is effected in a crucible or scorifler, whence two methods of 
assay : (a). Crucible assay. (6). Scorification assay. 

The former is applicable to all ores. The latter is limited 
by the small size of scorifiers, to rich ores. It is not safe 
to use this method for gold ores, as a very slight error may 
make a great difference in the results, because of the small 
quantity of ore necessarily employed. 

{a.) Crucible Assay. -^An ore of gold or silver is com- 
posed of precious metals, gangue, oxides, sulphides, etc. 
To collect the precious metals the ore is mixed with lith- 
arge, suitable fluxes, and oxidising or reducing agents, and 
fused in a crucible. The litharge is reduced to metallic 
lead, seizes upon the precious metals, and collects at the 
bottom of the crucible, while the foreign materials form, 
with the fluxes, a fusible slag above. The crucible is bro- 
ken when cold, and the button detached from the slag by 
hammering on an anvil. 

The charge : The weight of ore taken depends upon the 
supposed richness or poverty, since it is required to obtain 
finally a bead of precious metal for weighing. As a rule it 
is usual to take one-third assay ton for silver ores, and one, 
two, or four assay tons for gold ores. All ores require the 
following reagents: Argol or charcoal, an oxidizing 
agent (nitre), with invariably a cover of salt. Borax, si- 
lica, and other reagents are useful at times, but their 
employment must be left to the judgment of the assayer, 
guided by the properties of the reagents, and the com- 
position of the ore. It is weU to bear in mind that for 
basic impurities, an acid flux is used, and for an acid gan- 
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gue, a basic flux. Unless the charge of ore be very large, 
as a rule, employ a weight of litharge twice, and car- 
bonate of soda the same as that of the ore. These propor- 
tions may be modified according to the composition of 
the ore. The amount of nitre depends upon the reduc- 
ing power of the ore. It is added to control the size of 
the button. 

Size of the lead button : There are two limits to the 
size of the button. (1st.) It must be large enough, or 
sufficient litharge must be reduced throughout the mass 
to collect all the precious metals. (2d.) There should not 
be an excess of lead, which would occasion a loss of sil- 
ver upon cupellation. A button of fifteen or twenty 
grammes is the best size for a weight of ore from one- 
third to four assay tons, and is a good size for cupella- 
tion. A buttou too large for cupellation can be made 
smaller by scorifying. The reducing power of an ore is 
due to the presence of sulphur, arsenic, antimony, zinc, etc. 

Preliminary Assay of Ores. ^- Warm the crucible be- 
fore placing it in the fire, which should be bright, and 
efiEect the fusion in the shortest possible time. When the 
the contents of the crucible are in quiet fusion, withdraw, 
tap, cool and break. The charge of ore is as follows : 

Ore 2 gms. 

Litharge .....:..- .25 " 

SodaBi-Carb 10 " 

Salt ., cover, . 

Three cases may arise here. Two grammes may yield : 
1st. No lead, or less than three grammes. 
2d. Three grammes of lead, 
3d. More than three grammes 
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Let us suppose we take for assay i A. T. of silver ore, 
and the reducing power of two grammes of ore is 1.6 gms. 
lead, i A. T. , or ten grammes of ore, (about), will reduce 
7.5 of lead, and as the required button is fifteen grammes, 
we must add enough argol or charcoal to reduce 7.5 gms. 
in addition ; taking argol as 8.6, we shall require 7.5-r-8.6 
=0.882, say one gramme, or charcoal 7.6-t-28=0.268 say i 
of a gramme. 

If the reducing power correspond to the third case, a simi- 
lar calculation will show how much nitre is needed. In the 
second case ten grammes of ore would reduce a button of fif- 
teen. The character of the slag obtained in the prelimi- 
inary assay may suggest some modification of the regular 
charge. If it be earthy, for instance, we would add borax, 
glass, or silica. Experience will often enable the assayer 
to judge of the reducing power without extra assay, by 
noting the approximate amount of sulphides contained in 
the ore before pulverizing the same. 

Roasting. — Ores containing a large amount of arsenic, 
antimony, or zinc, should be roasted. In the former case, 
if the ore is not roasted there will be danger of the for- 
mation of oxysulphurets, which, though fusible, are not 
decomposed at a white heat, and enter the slag, carry- 
ing silver with them, A large quantity of nitre is lia- 
ble to boil over ; even should this not occur, the evolu- 
tion of vapors puffs up the mass, and lead may be left 
adhering to the sides of the crucible. Arsenic and anti- 
mony produce arseniates and antimoniates, which carry 
silver into the slag. Zinc also increases the loss of silver 
by volatilization, and by the slag. 

The ore may be roasted conveniently in a cast-iroa pan, 
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over the furnace. The pan should be coated with red ochre, 
or chalk, which prevents injury to the same, and loss of ore. 

The weighed sample must be spread over the pan, and 
stirred until all danger of fusion is past. The ore must be 
heated gradually, not above a duU red for some time, and 
finally to a full red or higher heat. Too high a temperature 
at the outset causes the fusion of sulphides and the formation 
of matter troublesome to roast. A rapid disengagement of 
arsenic, antimony, or zinc wiU also cause a mechanical loss 
of silver. Should fusion occur, it is better to weigh out a 
fresh portion of ore and roast it again. The operation may 
be considered finished when, after keeping the pan at a duU 
red heat for some time no fumes can be perceived. 

If copper pyrites be present, it is best to mix some carbon- 
ate of ammonia with the ore. After the fumes have ceased 
the pan should be covered ; the sulphates being converted 
into volatile sulphate of ammonia, which passes off. 

Arsenic and antimony require the addition of fine char- 
coal to reduce arseniates and antimoniates formed in roast- 
ing. Care being taken to bum out all the charcoal. If the 
ore contains a fusible sulphide, as antimony glance or gale- 
na, mix with some fine sand before roasting. Ores may be 
roasted in the muffle, in the earthen saucer already men- 
tioned. 

Fusion. — The prepared charge is thoroughly mixed and 
placed in a crucible. A hot fire is employed, and the cruci- 
ble removed when complete fusion has taken place. This 
requires from twenty to twenty-five minutes. The crucible 
is tapped and when cold broken. 

(6). ScoRiFiCATioN AssAY. — ^The reagents for scorifica- 
tion assay are granulated (pure) lead, and borax glass. 
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The ore is mixed with these, the mixture put in a scor- 
ifier, and fused in a muffle. 

An alloy of lead with the precious metals, and a slag 
composed of litharge with the impurities and gangue 
of the ore is formed. The proportions of lead and 
borax will vary and should be greater as the gangue and 
metallic oxides are more difficult of fusion. The f ollowins: 
table shows the proportions found by experience to be 
adapted to the different gangues. They are referred to one 
part of ore : 

Pakts Pakts 

Chabacter op Gangue. Test Lead. Bobax Glass. 

Quartzose 8. 

Basic 8. 0.25—1.00 

Galena 5.6 0.15 

Arsenical 16. 0.10—0.50 

Antimonial 16. 0.10—1.00 

Farlerz 12-16 0.10—0.15 

Iron pyrites 10-15 0.10—0.20 

Blende 10-15 0.10—0.20 

In most cases one- tenth of an assay ton of ore and thirty 
grammes of lead will be found to work well. The ore and 
one-half the lead are mixed in the bottom of the scorifier, 
and the rest of the lead poured over the mixture so as to 
form a cover. Two or three lumps of borax about the size 
of peas being placed on top. The charge of ore varies from 
one-third to one-twentieth of an assay ton according to its 
richness, and if one scorifier will not contain it, weigh equal 
fractional parts for the number required, rather than to 
weigh the whole charge and roughly divide it between the 
scorifiers. 

Three distinct periods may be noted in the working of 
an assay. (1.) Roasting. (2.) Fusion. (3.) Scorification. 
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A strong heat is maintained at first to*' melt the lead." This 
is effected by closing the muffle and increasing the draft. 
As soon as the lead is fused the muffle is opened, and the 
ore is seen floating upon the surface of the lead. In a large 
muffle it is sufficient to place the scorifier in the back part 
first, and move it forward when the lead is fused. 

(1). The roasting commences and is continued at a mod- 
erate heat until no more fumes are seen, and the ore has 
disappeared. 

(3). The heat is raised in order to fuse all the material. 
When the fusion is complete, clear white fumes of lead 
arise from the scorifier, there is a play of colors across the 
surface of the lead, and the slag encircles the metallic bath 
like a ring. The borax glass plays an important part just 
here, by giving liquidity to the slag, so that it can be thrown 
to the side as fast as formed, exposing the lead for oxida- 
tion. If borax glass is not added and the ore contains a 
gangue fusible with difficulty, the scoriae will float in 
masses over the lead, impeding the oxidation. 

(3). When fusion is complete the heat is lowered to a 
constant point, until the ring of slag, which is continually 
growing smaller, closes over the lead. Then the heat should 
again be raised to liquify the slag, and allow the lead to 
settle, after which the scorifier is removed from the furnace, 
cooled or poured. Hammer the button as usual. The 
whole assay occupies from thirty-five to fifty minutes. Too 
much borax should not be added at first. 

It is better to mix only a portion with the ore, and to 
introduce the rest as needed during the operation. 

Galena — Special Method. — It is best to make a scor- 
ification assay of galena. If, however, it is desirable to 
make a crucible assay, a charge of nitre and carbonate 
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of soda is employed, instead of roasting the ore. Twenty 
grammes of nitre per assay ton are required for pure gale-^ 
na, this amount diminishing as the gangue ino'eases in 
quantity, or the sulphur is lessened. Employ the same 
weight of carbonate of soda as of ore. Make a prelimi- 
nary assay with an assumed charge, and modify the reg- 
ular charge according to the result. 

The Lead Button. — The lead button for cupellation 
must be malleable and of the proper size. 

A good cupel will absorb its own weight of litharge, but 
it is better to use a cupel one-third as heavy again as the 
button. The cupels in ordinary use weigh about eighteen 
grammes. If a button be too large it may be reduced 
in size by scorification ; there is less loss in this opera- 
tion than in cupellation. A brittle button may be due to 
arsenic, antimony, zinc, or litharge, and must be scorified 
before cupellation, with lead, if necessary. If the button 
contain copper, it must be scorified until no more copper 
can be seen on hammering. If nickel is present the button 
cannot be cupelled. 

3d. Cupellation. — This operation differs from scorifi- 
cation in that the scoriae formed are absorbed by the cupel,: 
leaving a pure bead of the precious metals. 

It is thus that we get rid of small amounts of copi)er, iron, 
arsenic, etc., in the lead button. The proportion of lead 
required to carry off impurities, varies according to cir- 
cumstances. The operation of cupelling is conducted as 
follows : A cupel is wiped out with the fingers carefully, 
all extraneous matter blown out, and then placed in the 
muffle and heated until of the same temperature as the 
latter, when the button is gently placed in the cupel with 
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a pair of forceps. The muffle is then closed by a door or 
a piece of lighted charcoal, to melt the lead. This done, 
the muffle is opened and the button, which at first appears 
bright and uncovered, is soon coated with a film of oxide 
moving in luminous patches over its surface, and being con- 
tinually thrown toward the edge, where it is absorbed by the 
cupel. The button gradually diminishes in size by oxidation 
and absorption, and becomes more convex ; the patches be- 
come larger and move more quickly ; the last of the lead is 
absorbed, and the residue appears to revolve rapidly, becomes 
very brilliant, and is suffused with the tints of the rainbow ; 
then presents the appearance of the precious metals. The 
latter part of the operation is called the ' ' brightening ' ' of 
the button. Should the bead be large and composed of 
silver, it must be removed slowly from the furnace to pre- 
vent " spitting," by which portions of the metal are thrown 
off and lost. In case the bead is very large, say one liun- 
dred to three hundred milligrammes, it is well to cover it 
with a hot cupel. If the bead is not larger than an ordi- 
nary pill, the danger of spitting is slight and no precaution 
need be taken in its removal. 

Two causes have been assigned for this spitting. First, 
That the molten silver absorbs oxygen from the atmos- 
phere and gives it up at the moment of solidifying. Sec- 
ond, That by rapid cooling a crust is formed upon the out- 
side which contracts upon the liquid interior. 

It is well to raise the heat of the muffle just at the time 
of brightening, or to push the cupel into the hotter part 
to remove the last traces of lead. 

Silver is sensibly volatile at a high heat, and the loss in- 
creases with the temperature. We must avoid the two 
extremes of a high heat and quick work, and a low heat 
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and prolonged work. Of the two the latter is worse. The 
following are indices of favorable working : The muffle is 
reddish-white, the cupel red, the fused metal luminous and 
clear, the lead fumes rise slowly, and the litharge is com- 
pletely absorbed by the cupel. 

The heat is too great when the cupels are whiteish, when 
the fused metal is seen with difficulty and the scarcely vis- 
ible fumes rise rapidly. 

The heat is too low when the fumes are thick and fall, 
and when the unabsorbed litharge forms lumps and scales 
about the button. 

The degree of heat may be greater according as the lead 
is poorer in silver. By bearing this in mind the assayer 
can often hasten the operation without detriment. 

Too strong a current of air cools the cupel and oxidizes 
the lead faster than it can be absorbed. Too slow a cur- 
rent prolongs the operation, and increases the loss by volati- 
lization. 

Sometimes the material, in a cupel becomes solidified in 
the midst of an operation, stopping further action. This is 
called '^ freezing," and is occasioned by a production of 
litharge more rapidly than it can be absorbed by the cupel ; 
infusible scoriae due to a cold furnace, or an excess of 
foreign oxides. It can sometimes be remedied by rais- 
ing the heat of the muffle ; or if the accident be due to 
foreign oxides, an addition of pure lead may be made to 
the assay. In either case the results are unreliable. 

An assay that has passed well, furnishes a bead well 
rounded, crystalline below, and readily detached from the 
cupel. If the bead contain lead it is brilliant below, and 
does not adhere at all to the cupel. If it exhibits rootlets, 
the results are inaccurate, and must be rejected. 
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4th. Weighing the Bead. — ^The bead of gold and sil- 
ver is detached from the cupel with pincers, thoroughly 
cleansed and weighed. 

5th. Inquaetation and Parting.— The separation of 
gold from silver is termed parting. It is effected by means 
of nitric acid, which dissolves the silver and leaves the 
gold. It is essential that a certain relation should exist 
between the amount of gold and silver in the alloy. 

If there be too little silver it will not dissolve completely 
but will be so enveloped in the gold as to escape the action 
of the acid. 

If too much silver be present, the gold obtained will be 

so fine and light as to occasion loss in washing. 

The silver should be from two and one-half to three 
times the weight of gold. The assayer must judge by the 
color of the bead as to the proportion of silver contained, 
and if it be too small, he must supply the deficiency with 
pure silver, which is kept on hand in thin foil. The bead 
and silver are well fused together to effect complete distri- 
bution of the silver. The fusion may be made on charcoal 
by the blowpipe, or by wrapping the bead and silver in a 
comet of lead foil, and cupelling it. 

The bead is then flattened on an anvil, and treated 
in a porcelain capsule (Fig. 27), with nitric acid, C. P. 
Fig. 27. 1.16 Sp. gr. (21^ Beaume). Enough acid is added 
to cover the bead and heated gently. The acid must be free 
from chlorine, which would precipitate the silver. When 
all action of the first acid has ceased, decant, and care- 
fully add some fi^esh acid of 1.26 sp. gr. (32"^ Beaume). 
Heat for several minutes, pour off the acid and wash thor- 
oughly with distilled water, and dry the residue of gold. 
It is well to apply a high heat before attempting to remove 
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the gold, to render it adherent. The gold residue hi de- 
tached with a knife, transferred to a comet of lead, cupelled 
and weighed. Or if perfectly clean and yellow, weighed 
without cupellation. 

6th. Weighing the Gold. — The gold obtained is 
weighed, as described, and the assay is completed. 

Calculation of Results. — The milligrammes of pre- 
cious metal obtained per assay ton of ore, correspond to 
Troy ounces in the ton of two thousand pounds avoirdu- 
pois. There is therefore no trouble save in the case of an 
ore which contains metallic scales, and the method em- 
ployed when such is the case, can be shown by an example. 
The sample presented for assay weighs 486 gms. Pulver- 
ized and sifted it gave : 

A. Sifted ore 480. gms. 

B. Metallic scales 5. " 

There will be a little loss in sifting, but if the op^ation 
be done carefully it need not be taken into account. 

A. Sifted Ore. — 10 grammes gave by crucible assay : 

Gold 4. mgs. 

Silver, after deduction of the silver in the litharge^ 14^ 3 ' ' 

Hence, the total precious metal in the siftings is : 
Gold -^X480^192.0 

Silver ^ X 480 = 686. 4 

B. Metallic Scales. — These melted with lead gave a 
button of, say 60 gms., which was rolled out and 10 gms. 
taken for cupellation, which yielded : 

Gold. 2.6 mgs. 

SUver 500.0 " 
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Hence, the total precious metals in residue must be : 
Gold _H.X60= 15.60mgs. 

Silver 2^X60=3000.00 " 

Total: 

Gold in siftiQgs 192.00 mgs. 

" "residue 15.60 " 

" " ore taken 207.60 " 

Hence : 

Qj/y7 Art 

^g X 29. 166 (value of an assay ton)=gold per assay ton 

of original ore. 

Silver in total siftings 686.40 mgs. 

'' ''residue 3000.00 '' 

" " ore taken 3686.40 '* 

Hence : 

3686.40 ^^^^, ^ J, , ., 

— 4gK^ X 29. 166 (value of an assay ton) = silver per assay ton 

of original ore. 



Remabks. — All ores or minerals of gold or silver can be 
assayed by either (a) crucible, or (b) scoriflcation. The 
latter is preferable whenever it can be used, as it yields 
higher results and requires no preliminary assay. No oxy- 
sulphurets are formed, or if formed, are decomposed during 
the operation ; whereas, in the crucible assay they may es- 
cape decomposition even at a white heat. It is a better 
method for copper ores, the action of scoriflcation being 
oxidizing, that of the crucible reducing ; in the latter 
case much copper will enter the lead button that, in the 
former, would be oxidized and enter the slag. Instead of 
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roasting, a good method for arsenical and antimonial ores is, 
ore 1 A. T.j litharge 2 A. T, soda 1 A. T, ferro-cyanide of 
potassium 35 gms. , and a cover of salt. The button must be 
scorified. The matte over the button should be saved and 
put in the scorifier. 

After roasting an ore for crucible assay, if much iron is con- 
tained, add more charcoal than is necessay for a fifteen gm. 
button, as the ore has an oxydizing action. Sometimes, to 
avoid roasting, just sufficient litharge may be added to give 
the required button of lead, but this is not always safe. 
Alloys which contain gold and silver may be fused in a scor- 
ifier with pure lead, and the button scorified down and 
cupelled, the resulticg bead being carefully parted with 
nitric acid in the usual way. In weighing the gold which 
has been parted, if not previously cupelled, it can be trans- 
ferred to the scale-pan by means of a piece of pointed 
wood, great care being observed not to lose any. 

The assay of gold and silver, if conducted carefully, is 
one of great accuracy. Duplicates of silver should agree 
to within one-half ounce Troy per ton of two thousand 
pounds, and for gold there should be no difference. This 
is true of all ores, though some are more difficult than 
others. Where the difference is greater than the above and 
accuracy is required, a third assay should be made. Tests 
made in duplicate of type ores gave : 



Ore. 

Gold ore, quartzose 29. 

Poor Gfalena 5.4 

Zinc Blende 4.3 

Arsenical 65. 

Antimonial 57. 

Imi>ure mixture. . 28.6 



Silver. 

and 29.2 ozs. 
" 5.4 
4.3 
55. 
57. 
28.6 



Gold., 

10.4 and 10.4 ozs. 



u 



a 



a 



ii 



none 



trace 
none 
2.4 and 2.4 ozs. 



PLATINUM. 73 

PLATINUM. ^rribol—Pt. 

Sources. — ^Platinum is found native and associated with 
ia variety of metals, such as palladium, iridium, osmium, 
copper, iron, gold, silver, etc. 

It occurs in alluvial deposits in grains, and sometimes in 
masses. * 

Assay. — ^The assay of platinum may be performed in two 
ways: 

(a). By fusion with lead. {b). By solution and precipi- 
tation. (See scheme, p. 108). 

{a). Fusion with lead : Weigh and pulverize the sam- 
ple as finely as possible, and sift ; the metallic residue will 
contain most of the metal sought for. Weigh the residue 
arid sif tings separately. 

1. Sif tings-— charge 20 gms. in a small crucible with 

Litharge 50 gms. 

Borax glass 15 " 

Soda 30 ", 

Charcoal 1 " 

Part of the soda should be mixed with the charge and 
part used as a cover. The proportion of fluxes may be 
varied to suit the gangue, so as to render the slag as fusible 
as possible. 

The litharge is reduced by the charcoal and alloys with 
the platinum and foreign metals, save osm-iridium, which 
will be found principally under the lead button., The lead 
button is then broken out, scorified with a little borax glass 
if too large, and cupelled at as high a temperature as pos- 
sible in an ordinary bone-ash cupel until it solidifies. The 
residue will be platinum, with a little silver, gold, etc. It 
may be purified by fusing in a crucible of cut lime, which 
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is heated by coal gas, the combustion being supported by a 
current of oxygen. ^ 

The lead retained in the unpurified button is about one- 
eighth to one-fourth of its weight. 

2. Residue — ^Puse directly in a scorifier, with pure lead 
and borax glass, cupelling the whole or a weighed portion 
of the resulting button if it be too large, as in 1. 

Remarks. — In place of the method used for the sittings, 
pure galena and iron wire might be employed, as in the 
assay for lead, other fluxes being added to suit. 

In the charge given for sittings, twenty to thirty grammes 
of granulated lead in addition to the litharge, can be used 
with advantage. 

Instead of cupelling the lead button containing the plati- 
num alone, add live to six times the weight of the platinum 
in silver. This gives a result free from lead. The silver can 
afterwards be deducted in the calculation of the platinum. 

ZINC. Symbol— Zn, 

Sources. — ^The principal ores of zinc are : 

Blende, sulphide (ZnS) 67.7 pure zinc 

Smithsonite, carbonate (ZnCO,) 52. " " 

Calamine, silicate (Zn2SiO,) 53.8 " "' 

Zincite, oxide (ZnO) 80.26 " " 

The latter occurs in Franklinite. 

The ores are found alone or associated with the ores of 
other metals ; this being especially true of the sulphide in 
the case of silver and lead. 

Assay.— The assay for zinc is attended with considerable 
difficulty, and is not accurate save when done in thie 
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wet way (See scheme, p. 109); zinc being volatile and 
easily oxidized. The amount of zinc may be estimated 
pretty closely by the following method, when no lead or 
antimcmy are present. 

Weigh out 10 gms. of the finely pulverized ore and roast 
it carefully, with the addition of a little carbonate of amr 
monia, to decompose any sulphates formed. Weigh and 
mix the residue with 

Kaolin, or fire clay (diy) 1 gm. 

lime, " 5 " 

and charge the mixture in a charcoal-lined crucible, as in 
the iron assay, but not luting on the cover tight. Fuse 
at as high a temperature as possible for about two and one- 
half to three hours. Cool, and break the crucible open. 
The zinc wiU have been reduced and expelled. The residue, 
consisting of slag, and metallic globules if much iron was 
present in the ore, should be weighed and i)owdered. Sepa- 
ate the globules with the magnet, weigh them, and 
add three-tenths of their weight to that of the total residue 
for the oxygen lost by reduction. The total weight thus 

obtained deducted from that of the roasted ore and fiuxes 

16 3 
charged, and the difference multiplied by q^' gives the 

yield of metallic zinc. 

Remarks. — The kind and amount of flaxes used depends 
upon the character of the gangue of the ore treated ; fusi- 
ble ores not requiring any. 

The factors used to calculate the amount of oxygen and 
the metallic zinc are deduced from the table of combining 
weights. (Page 14). 

The method given is not applicable to ores where zinc 
blende is associated with sulphide of lead, antimony, 
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arsenic, etc., and carries gold and silver. The latter metals 
.would be reduced and go into the buttons of iron, causing 
error in the calculation of the oxygen to be added. The 
method for practical purposes may prove sufficiently close, 
but where a^jcuracy is required the wet method for zinc is 
preferable, and is recommended 



MERCURY. Symbol— Rg. 

Sources. — The principal ore of mercury is cinnabar (sul- 
phide) (HgS), =86.27 when pure. It also occurs in the me- 
tallic state, alone andamalgated with silver, gold, etc., and 
is sometimes found combined with chlorine. 

Assay. — ^The determination of mercury is made by distil- 
lation. 
1. Ore, sulphide and chloride. 

Charge — Ore finely pulverized 10 gms. 

Black flux substitute 16 " 

This should be mixed by rubbing together with water and 
drying. The dried mixture being charged in an iron, glass 
or clay retort, with a bent neck, the end of which is plunged 
in a glass vessel, to collect the distilled metal. It is better 
also to wrap the neck of the retort with a damp cloth. The 
retort may be heated over a small charcoal furnace, or in 
any way by which the heat can be applied slowly, and the 
whole body of the retort heated, to prevent condensation 
of the mercury on the top. When after heating sometime, 
no more mercury comes over, the end of the neck should 
be lifted out of the water to prevent its being, drawn 
over into the retort. The latter is allowed to cool slowly ; 
and all adhering particles of the metal are brushed with a 
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feather into the glass receiver, where they can be collected 
by boiling the water for a moment. The water is then 
decanted, and the mercury dried at the ordinary tempera- 
ture or with blotting paper, and weighed on glass. Some- 
times lime or iron filings are used in place of an alkaline 
flux ; the object being, however, in any case, to decompose 
the mercurial compound, freeing that metal, the substance 
used taking up the sulphur and chlorine. The determina- 
tions must be made in duplicate, and for very poor ores, 
the pulverized sample should be first digested in muriatic 
and nitric acids (aqua regia) ; the solution filtered oflf and 
evaporated to dryness, and the dried mass treated by dis- 
tillation, as described. 

2. Metallic mercury and amalgams. 

Distill without the addition of any decomposing agent, 
otherwise conducting the operation as above. The heat 
used need not be so high, mercury being very volatile. 

Remarks. — For all distillations the retort should be tight. 
For this reason glass or iron retorts are the best. Uarthen 
retorts should be glazed. 

Care should be taken not to inhale any of the fumes. 

See Mitchell — page 453, and Goodyear' s translation of 
Bodeman and Kerl, page 207. 

The wet method is preferable for mercury ores. 



BISMUTH. Symbol— Bi. 

Sources. — ^This metal is found principally in the metallic 
State, but it also occurs in combination with sulphur, oxy- 
gen and tellurium, associated with lead and silver. Bis- 
muth possesses equally with lead the property of causing 
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the, absorption of the metallic oxides in cttpellation, and 
faiay be used in place of the latter, but is not recommended. 

Assay. — In the assay for bismuth three cases may occur. 

a. The sample contains native bismuth. 

h. The sample is composed of bismuth with other sub- 
stances, or bismuth residue. 

c. The sample is an alloy. 

a. Determine as in the assay for ' ' antimonium cmdum^' ' 
the bismuth being collected in the same way. 

6. Pulverize finely and charge 

Ore lOgms. 

Borax glass 25 '' 

Soda 10 " 

Cyanide of potassium 6 *' 

Salt cover 

Fuse in a moderate- fire in the same manner as for anti- 
mony. The resulting button must be tested for other met- 
als, and if any be present treated as an alloy. 

c. Determine by the wet assay. (See scheme, page 111). 

Remarks. — ^Bismuth melts at 260° F., and is volatile at 
a higher temperature. 

The assay for bismuth may also be made by fusing the 
pulverized and sintered ore (prepared by heating alone in a 
closed crucible) with a known weight, (five to ten gms.) of 
fine silver, black flux, and three to five gms. of iron wire, 
covering with salt. The button can afterward be treated as 
an alloy. Plattner' s Manual of Blowpipe Analysis, page 
459. 

A button of bismuth should not be hammered, as it is 
brittle. 
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TIN. Symbol— M. 

Sources. — The most abundant ore is cassiterite (binox- 
ide) (SnOj), =78.67 per cent, when pure. It is found in veins 
and in the washings from the same under the name of stream 
tin ; sometimes it is associated with tungsten, tantalum, 

or molybdenum. Tin also occurs as a sulphide in stanite 

iCu S ) 
PeS i SnS,)=14.30 per cent, tin, and rarely in 

the native state. 

Assay. — ^The treatment of tin ores in the laboratory is a 
matter of some difficulty for several reasons : 

1st. The ore is often associated with a gangue, the con- 
stituents of which either form salts with the oxide of tin 
or alloy with the reduced metal from the same. 

2d. The majority of the basic fluxes at the disposal of 
the assayer combine with the tin and oxygen which may be 
present, forming stanu9.tes which go into the slag. 

3d. Acid fluxes, especially silica, form compounds with 
the oxide of tin, and carry it into the slag., The influence 
of silica can be seen by the following table, given by 
Mitchell. The last line shows the yield of metal : 

Ore 10.00 10.00 10.00 10.00 10.00 gms. 

SiUca 2.50 6.60 10.00 16.00 30.00 '' 

Tin... 52^ 43% 28fc 10^ none 

The fusion being made in each case with an equal quan- 
tity of black flux. 

4th. Binoxide of tin is extremely difficult to fuse; 
it is insoluble even in concentrated acids, and although it is 
reducible by ignition with hydrogen, charcoal, etc. , there is 
always danger of loss if the temperature be too high, as tin 
boils and volatilizes at a white heat, air being excluded. 
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The various methods adopted for the assay of tin niay be 
divided into four classes : 
a. For pure binoxide of tin. 
6. For ore containing silica only. 

c. For very impure ores, sulphides, etc. 

d. For alloys from the dry assay or tin buttons. 

a. Treatment of the pure binoxide. 

1. Charge ten gms. of ore finely pulverized, into a char- 
coal-lined crucible, lute the cover well on, then heat for 
twenty-five minutes, raising the heat gradually until it is 
almost white. Remove the crucible from the fire but do 
not tap it. If the tin be in small globules, pulverize in a 
mortar, and pass through a fine sieve to separate from the 
charcoal. This method gives good results if the ore be per- 
fectly pure, but not otherwise. 

2. Ore 10 gms. 

Cyanide of potassium 40 ' ' 

Use a chalk-lined crucible, one-half of the cyanide being 
placed in the bottom of the crucible, and the rest mixed 
with the ore. Cover with cyanide and then with salt; 
fuse for ten minutes in a good fire, withdraw, cool, break 
and weigh. For binoxide and pure ores containing little 
silica, this method gives excellent results. 

Foreign metals may be removed before fusion by the 
process given on page 112, or the button may be treated as 
an alloy. 

6. Ores containing silica only. 

1. Ore 10 gms. 

Fluor spar or cryolite 10 to 20 " 

Mix well and charge in a charcoal-lined crucible, which is 
first covered with charcoal and then luted with clay. Heat 
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strongly for . Jtbout one hour. Renoiove caarefully from the 
jBre without tapping. Treat the button as an alloy after- 
wards. 

2, Ore lOgms. 

Hematite 3 to 8 ^' 

Cyanide of potassium. .40 ^' 

Mix and charge in a charcoal-lined crucible, cover with 
cyanide, and then with charcoal, lute and heat strongly 
from one-half to one hour ; remove without tapping, cool, 
and break. If the tin be in small buttons, collect by wash- 
ing with water to separate the charcoal, dry and weigh. 
Treat the button as an alloy 6f tin and iron. 

3, Ore .lOgms. 

Oxide of copper 10 ^' 

Black flux substitute. ....... .25 '' 

Borax glass 5 " 

Mix, and cover with salt and charcoal in a chalk-lined 
crucible. Heat gradually and finally to a white heat for 
one hour. Tap, cool and weigh. Treat the button as an 
alloy of copper and tin. Mitchell, page 411. 

4, Ore ....lOgms. 

Black flux substitute 25 * ' 

Chloride of silver (dry) 10 " 

Starch.... 5 " 

Borax glass 6 *' 

Salt. I cover 

Use a chalk-lined crucible, and a hot fire. Treat the 
button as an alloy. 

c. Very impure ores, sulphides, etc. Weigh out and 
roast carefully, first alone and then with a little charcoal, 
to remove arsaiic and antimony, adding finally carbonate 
of ammonia to decompose sulphates ; then treat by any 
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method for ores containing silica. Testing the button 
for iron, etc., or after roasting separate all associated metals 
by the method on page 112, and then fuse for tin. 

d. Alloys — ^As tin fuses at 228° F. , it may be rouglily 
separated from iron and metals of a less degree of fusibil- 
ity, by simply heating the alloy so that the melted tin can 
drain off. The only true way, however, is to treat by the 
wet method, page 1 15. 

Eemabks. — The method by fusion with cryolite or 
fluor spar can be performed in a small charcoal-lined cmci- 
ble, with two gms. of finely pulverized and well mixed ore ; 
the crucible being luted and placed in a cupel muffle. 

The time required is about one-half hour, the muffle being 
filled with charcoal the last fifteen minutes, the door closed, 
and as high a heat obtaiaed as possible. 

Assays of Durango tin ore containing sUica, by the above 
methods, gave the following average results : 

Method- Tin Found. 

a— ^2 .67.0 per cent. . 

h—\ 75.4 " " 

6—2 74.0 " " 

ft— 3 67.1 " '' 

b—4: 61.7 " " 

b — 1 and b — 2 seem to be the only methods by which the 
tin is entirely reduced. 

COPPER. Symlot-Gu. 

Sources. — ^The substances contaiaing copi)er may be di- 
vided into three classes : 
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1st. Pure or oxidized ores. 

2d. Impure ores, or compounds of copper and other met- 
als, with sulphur, arsenic, antimony, etc. 

3d. Native copper and alloys. 

The most abundant being native copper and its silver 
alloy. 

Cuprite (red oxide) (Cu,0), =88.7 when pure. 

Malachite (carbonate) (CuCOj.CuHjOg), ... =57.3 
Azurite (blue carbonate)(2CuCO,. CuHaO,), =55. 

Chalcocite (copper glance) (Cu,S), =79.8 

Chalcopyrite (copper pyrites)(Cu,S.Pe,S,), =34.4 
Erubescite (purple copper) (3Cu,S.PeaS,),=55.7 

Compounds with arsenic, antimony, lead, mercury, etc.,. 
and the chloride, atacamite. 

Assay. — Weigh out ten gms. of the ore and roast it care- 
fully ; if it contains sulphur, arsenic, etc., with three 
times its volume of fine charcoal or two or three grammes 
of fine pure graphite. If the ore be very fusible add five 
grammes of powdered hematite, mix the charge well before 
roasting, and line th^j pan or vessel with chalk or oxide of 
iron. Add carbonate of ammonia toward the end to decom- 
pose sulphates. After roasting mix the ore with 

Black flux,substitute 20 gms. 

Borax glass 3 

Hematite (peroxide of iron) 10 to 20 

Cover with a mixture of ten gms. black flux substitue and 
three gms. charcoal, then with salt. Fuse in an ordinary 
chalk-lined crucible for twenty minutes. When perfectly 
fused, pour carefully into a mould. 

The resulting copper button must be refined by fusing it 
as quickly as possible in a shallow dish in the cupel muffle, 
with an equal weight of borax or less, and a little pure lead ; 
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one to five grammes will genertilly be sufficient ; and if the 

ore containis lead, its additi6n -is iiimecessaiy. 'When the 

copper is nearly refined it brightens somewhat like silver, 

only less distinctly, showing a peculiar green color. If 

th&btitt(mis stnall, tl^ assay is coU^d^^ finis]]^d when 

it no longer fumes. 

Instead of the above the following chai^ge may be tised in 

fusing. 

Ore — . . .lOgms. 

Black flux substitute 20 " 

Borax glass 5 '' 

Litharge..... 8 '' 

Mix well and cover with salt and charcoal. Then refine 
as described. The action in the crucible is reducing. An 
aUoy of copper and other metals, if present, being formed 
which must be refined. 

Remarks.— A good refining flux is 

Nitre 3 pts. 

Argol .2i " 

Salt 1 '' 

Fuse together, pulverize, sift through a thirty-mesh sieve, 
and test its action on a piece of copper before using. 

Iron prevents loss of copper in the slag, which is always 
the case, when the latter has a red color, due to the sub- 
oxide of copper. If the button from the crucible is small 
the b^st Way is to refine it before the blowpipe on charcoal, 
with a little boracic acid, blowing on the slag only, after 
the assay is once fused. 

It is better to determine boppei* ores by the wet 
method, and in Case silver, gold, etc., be presient, they must 
be treated in this way. (See scheme 115). 



The dry assay m <mly appTTo^pmate Q^dag to; ihe Ima of 
copper in the slagj but if joare be tak^u feir results may 
be obtained. 

Copper, can alBQ : be ^i^teriafai^ hj j^astiiig ; tjte qm with 
carbonate of ammonia and: >^f n {lii^g: witli a^eiuc; aiotd 
slagging oflf the other ars^di^,iPopibi|ied with it,-m ies- 
.^libed in the nipkeL as^ coMtLas^y, - This metli-, 
od is exact bjit^ d^cnlt; oli e3C€^ntien, bui, it; 
serves, to^ det^^rmtoe ibe^deNS the, copper ; 4ea4* 
bismuth,; cobalt, and nickeL Matts? Dictionary, 
^jjir .of Chemistry,: VoL II, page 63, The crucifcle^u^edi 
glifr> for the Insion is shown in 5:ig, 28. TJhp opemtip^^ 
Fig. 28, is conducted in the muffle furnace. 



IRON. ^2/7/^Jo^— Fe. 

- SOTJE0E&. — ^The following is a list of ^ the principal ores pf 

iron. 

Magnetic iron ore (oxide) (Fe.O^), =72^.41 wheji pure 

Red hematite or specular iron (oxide) 

(FeA) =70.00 " " 

Brown hematite or limonite (oxide) (2FeaOg. 

3H,0), ;. =59.92 " " 

Spathic iron ore (carbonate) (FeCO,),.- . , . =48.22- . . '' . " 

Hmenite (tiifcaniferous ore) (FeTiQ,-:^- . . 

nFeA), =36.82 " " 

Franklinite 3(FeO.ZnO.MaO) +(Fe,0,. 

MnA),.... ,...=45.16 " ''■ 

Ass A Yi— It is jrequired in the a^say ;£oi! iron to reduce 
the oxide to cast-iron, collect the latter in a button, and 
to form a fusible slag that will not retain any of the iron 
in combination or in pellets. The oxideis reduced by, car^ 
bon, and we employ for this purpose crucibles lined with 
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bra^que, which has a composition of four parts finely pul- 
verized charcoal to one of molasses. (To prepare this, see 
page 26). 

The lining serves as a support for the crucible, which, 
under the high heat, is apt to soften. 

In making up the charge we may have, (1), Ores 
of unknown composition, and (2), Ores previously an- 
alyzed. The assay in both cases gives a clue to the na- 
ture of the slag, the iron that may be obtained from 
the ore, and the character and proportion of the fluxes to 
be added in the blast f omace. In the first case we obtain 
the additional information of the approximate j)ercentage 

of iron. 
1. Ores of unknown composition. 

In the assay of an ore the composition of which is un- 
known, we make several preUminary assays, and if satis- 
factory results a;re obtained we make another assay with a 
charge modified according to the indications of the best pre- 
liminary assay. 

Preliminary assay charges : 

1. 2. 3. 4. 

Silica 2.5 1. 4.0 2.6 to 0. gms. 

Lime 2.5 4. 1.0 2.6 to 3. " 

Ore 10.0 10. 10.0 10.0 " 

1 is employed for the purer ores containing very little 
gangue ; 2, for ores containing silica ; 3, for ores contain- 
ing the carbonates of lime, magnesia, protoxide of man- 
ganese, etc. ; calcareous hematites and spathic iron ; 4, for 
ores containing silica and alumina ; clay iron stones, black 

band, etc. 
The principle involved is that of furnishing a base for an 

acid, and vice versa. The charge, therefore, depends upon 

the acid or basic nature of the gangue of the ore. 
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Ores containing titanium require the addition of fluor- 
spar in the charge in quantity varying from 0.5 to 10 gms. 

2. Ores previously analyzed. 

Good results are obtained from a charge proportioned to 
yield a slag corresponding to a blast tumace cinder, having 
the composition R,0,. SiO,+2(3BO. SiO,). 

R,0, . represents alumina, and BO, Hme, magnesia, and 

other bases. Its approximate percentage composition is as 

follows : 

Silica 38. \ ( 2i parts, 

B,0, (alumina) 16. > or about < 1 " 

RO. (lime, magnesia, etc. ) 47. J I 3 * ' 

The method of charging can best be shown by example. 

The Ore p ^ . 10 gms. of ore Slag Difference 

contains ' contains required. to be added. 

Silica 1.65 0.165 2.50 2.335 gms. 

Alumina 1.94 0.194 1.00 0.806 " 

lime, magnesia,etc.4.51 0.451 3.00 2.549 ^' 

The alumina is added in the form of kaolin or fire-clay, 
which contains nearly equal parts of alumina and silica. 
Allow in adding silica for that introduced in the kaolin. 

Sometimes the ore contains more than one of the ingre- 
dients of the slag, or the silica introduced with the kaolin 
may, when added to that already present, increase the 
quantity beyond the requirement. In either case make up 
a new slag with the excess, retaining the same proportion 
between the silica, alumina and lime, viz : silica, 2J ; alum- 
ina, 1 ; lime, 3. 

The charge should be thoroughly mixed, placed in the 
crucible, the conical cavity closed with a piece of charcoal, 
and the whole top of the crucible covered with a luting of 
fire-clay. The latter is mixed with one-fourth to one-third 
part of fine sand and made plastic with borax water. 
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Fonr cracibles are introdneed in the f utnaoe luted to a 
fire-brick, and a low fire kindled around tkem. The fuel is 
added gradually until it is above the tops of the crucibles ; 
the fire is maintained at its wia,7dTnuni temp^^ture for two 
and one-half to three and one-half hours. Ores containing 
much titanium require four hours, while carbonates con^ 
taining manganese, fuse well in two and one-half hours, or 
even less time. When the fire has burned out the bricks 
and crucibles are removed in one mass, the crucibles de- 
tached and their exteriors broken with a hammer; oti 
inverting and tapping the charcoal lining the slag and but- 
ton of cast-iron will fall into the hand. If they adhere to* 
gether, a slight tap will serve to separate them. 

Before separation they should be carefully cleansed and 
weighed, the slag may then be broken, and any particles of 
iron separated with a magnet. 

Titanium and manganese enter the slag almost completely. 
Duplicate assays should not differ moi-e thanO.Sto 0.4 of 
one per cent. The slag ought to be well fused and free 
from iron. A good button is well formed and detached 
from the slag. 

If the metal be of good quality the button will flatten 
slightly before breaking. It ought to be gray or grayish 
white, and the grain fine. 

A button of bad iron breaks readily without changing 
form. 

Transparent slags of a greenish tint indicate excess of silica. 
A rough, stony slag, or one crystalline in structure, and dull 
in lustre indicates an excess of bases. If the product is 
only fritted and contains the reduced iron interepersed as a 
fine grey powder, silica and alumina are deficient in the flux, 
lime and magnesia being in excess. 
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The latter base is one of the mc^rt) refractory fqund 
in iron ores, and when present in quantity requires an ad- 
dition of both silica and lime. . 

Manganese gives an amethystine tint to the slag, or if in 
excess a yellow, green or brown color. 

Titanium produces a resinous, black, scoriacious Blag, 
curiously wrinkled on the outside, and covered with me- 
tallic pelicles of nitro-cyanide of titanium with its char- 
acteristic copper color ; sometimes the slag is vitreous and 

of a bluish tint. 
Chromium gives a dark resinous slag surrounded with a 

thin metallic coating. 

Phoshorus gives a hard, brittle, white metal ; what is 



known as cold short. 

Sulphur a strong, reticulated, mottled structure, and red 

short iron. 
Manganese, a button smooth on the exterior, hard and 

non-graphitic ; it presents a white crystalline fracture. 

Titanium — ^The button is smooth on the outside ; has a 
deep gray fracture, dull and crystalline; and adheres strong- 
ly to the slag. The button is sometimes covered with the 
nitro-cyanide of titanium with its characteristic copper 

color. 

Chromium — The button is smooth, well fused, with a bril- 
liant crystalline fracture, and tin-white color ; at other times 
it is white and only half fused, or it may even form a 
spongy mass of a clear gray color, according to the quan- 
tity of chromium contained in the iron. 

Remarks. — A number of type ores gave on assay : 

Ore. Iron bj Analysis. By Fire Assay. 

Magnetite 68.35 per cent. 69.6 71.2 71.3 per cent. 

Hematite 44.50 "■ 44.6 46.0 48.6 '' 

limonite 44,30 " 44.3 44.6 45.2 " 
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Assays of magnetite containing titanic acid gave 72.6 and 

73. per cent. 

Another magnetite 64.0 64.5 per cent. , 

Hematite 39.0 38.5 " 

Limonite 34.0 34.0 " 

Other slags besides the ones given might be used, as 
Bodemans, which is silica 56, lime 30, alumina 14 per cent. 
An addition of borax and fluorspar makes this more fluid. 



NICKEL AND COBALT. Symbols— Ni. and Ck). 

Sources. — These two metals are generally found associ- 
ated, and their treatment will be described under the same 
head. 

The principal ore of nickel is niccolite (copper nickel) 
(NiaAs)=43 to 50 per cent. 

The principal ore of cobalt is smaltine (tin- white cobalt) 
(CoASj)=24 to 33 per cent. 

Both nickel and cobalt occur in many other miQerals, 
chiefly in combination with sulphur or arsenic, and associ- 
ated with iron, copper, lead, etc. 

We have also an artificial product called " spiess," which 
is an arsenide of cobalt, nickel and iron, obtained in the 
smelting of ores which contain nickel and cobalt, and in the 
manufacture of smalt (cobalt glass). 

Assay. — Cobalt and nickel being difficult to fuse they are 
determined in combination with arsenic. Weigh out from 
two to five grammes according to the purity of the ore, 
roast thoroughly in the muffle, using a clay roasting dish, 
and mixing with six to ten grammes of fine charcoal toward 
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the last of the operation. When the sample has ceased to 
evolve an odor, mix thoroughly with one to five gnis. car- 
bonate of ammonia and heat. The resulting oxides are 
then converted into arsenides by mixing with one to five 
gms. metallic arsenic, (according to the amonnt of ore 
taken), placed in a small clay crucible (Fig. 28), which 
will stand in the muffle, and heated, keeping at a dull 
red until the fumes of arsenic have ceased ; when the 
crucible is removed and six to thirty gms. of black flux, 
or its substitute added, with a covering of salt. Do not 
mix the flux, but place it over the mass in the crucible; 
after which heat in a good fire, raising the temperature 
gradually, Until the contents of the crucible are in a quiet 
state of fusion. Make the heat strong toward the end of 
the operation, but be careful not to let the charge boil 
over. Cool and break the crucible, remove and weigh 
the button {a) of arsenides of cobalt, nickel, iron, cop- 
I)er, etc. The rest of the process consists in scori- 
fying the button, first, to remove the iron, and after- 
wards to separate the nickel and cobalt. This can be 
done in a shallow dish, or on a piece of clay crucible 
about two inches long by one inch wide, and slightly 
concave ; in the cupel muffle, which should be pretty hot 
and contain a piece of glowing charcoal in front. Place 
on the dish the button of arsenides from the fusion and 
cover it with borax glass. Introduce it into the muffle and 
close the latter until the button and borax are fused, then 
allow air to enter. The arsenide of iron will oxidize first 
and go into the slag, and the surface of the button will be- 
come bright, when the dish shoxdd be removed immediately 
placed upon the surface of a basin of water until the 
button solidifies, and then immersed. If the slag shows 
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a slight blue color the iron h eutirely remove^ aad the but- 
ton may be cleaned and weighed, (ft). 

If the desired purity from iron is not obtained by one 
scorification repeat the operation, weighing the button each 
time. Should the button become bright immediatdy, show- 
ing that little or no iron was contained, take the previaus 
weight. The button will consist of arsenide of nickel^ cobalt 
and copper (Ni^As*^ Co,A8. Cu^As,). 

Next slag oflf the cobalt in the same manner as the iron. 
This operation must be continued until an apple-green film 
forms, whjch will float about on the surface of the buttoiL 
Weigh the button .(c). 

If copper is present add 100 to 600 milligrammes of gold 
(weighed), and then proceed to slag off the nickel with the 
addition of a little salt of phosphorus, conducting ithe. opera- 
tion as before, until the button shows the blui^h-greeoi 
color peculiar to gold and copper when melted. Weigh the 
alloy of copper and gold {d). 

To determine the weight of copper, subtract the weight 
of gold added from the last button. The difference will 
be the metallic copper. To determine the weight of nickel^ 

multiply the weight of the copper by i^-i=, this will givethe. 
arsenide of copper (Cu,As,), which, subtracted from the 
weight (c), will give the arsenide of niofceL This multipled 

by -^j^=the nickel. To determine the cobalt subtract the 

61.5 
weight {c) from (6) and multiply by -^^^ 

The results thus obtained divided by the weight of ore 
taken for assay and multiplied by 100 gives the percentage 
in each case. 

Remarks. — Results compare well with the battery pro- 
cess. Composition of the arsenides : 
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Ni^s Cn^s, CojAs 

As=28.31 perct. As=39j27 per et. A8=38.46 per ct. 
eu=:71.69 " ]Sri=60.73 " Co=61.54 " 

Wheii the ore treated contains bismntli and lead in any 
qiaantity these metals can be separated during the fusion 
with blacfc fltix by adding one gm. of iron wire, and one to 
tlit€^ gms. of pure silver^ accurately weighed. After fusion 
the lead and bismuth will be found alloyed with the silver, 
and can be detached without trouble from the arsenides. 
By deducting the silver, the lead and bismuth may be de- 
termined. When the substance treated is poor in nickel 
and cobalt, it is well to add some collecting agent in the 
fusion. Arsenide of iron is the best for this purpose ; it 
may be prepared by fusing iron filings with metallic arsenic 
in a crucible. 
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Sources. — Carbon occurs in a vast number of comj)Ounds 
forming, with hydrogen, oxygen, and nitrogen, an immense 
series of organic substances ; but only the following are of 
interest to the assayer : 

Diamond, pure carbon crystallized. 

Graphite, nearly pure .95 — 100 per cent. 

Anthracite 90— 95 *' 

Bituminous coal variable 

Peat and lignite about 60 per ct. 

Charcoal. , variable 

Assay. — ^The assay of a specimen of coal varies with the 
purpose for which the coal is to be employed. The most 
general tests are : Determination of moisture, specific 
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gravity, heating power, volatile products, coke, ach, and in 
some cases sulphur and phosphorus. 

The moisture, volatile products, coke, and ash may be 
determined by the schemes given below. The specific grav- 
ity by formulae, pages 138-139. Knowing the elementary 
constitution of the fuel, the heating power may be tested 
by determining the amount of oxygen required to bum it. 

Charge — 1 gm. of powdered coal, and 50 gms. of litharge, 
well mixed, in a crucible, and cover with 20 gms. of lith- 
arge. Heat gradually until fusion is complete. The time re- 
quired will be about ten minutes. Cool and break the cru- 
cible, then weigh the button of lead. Pure carbon should 
reduce thirty-four times its own weight of lead. Hydrogen 
103.7 times its weight. Instead of litharge, white lead may 
be used, the proportion being one gm. of coal to seventy 
gms. of white lead, and thirty gms. of the same for a cover. 
If the white lead be pure it is better than litharge. 

To calculate the results, compare with the amount of 
oxygen consumed in burning a fuel whose calorific power is 
known. One part of pure carbon can raise the temperature 

of 8080 parts of water 1°. Consequently the value of the fuel 

8080 
in units of heat may be estimated by multiplying -oj- by 

the weight of the lead button obtained in the assay. When 
much hydrogen is present in the fuel the method is not so 
accurate. The specific colorific effect of a fuel may be esti- 
mated by multiplying the absolute effect by the specific 
gravity of the fuel. 

To determine moisture, volatile and combustible matter, 
fixed carbon (coke), ash, and sulphur. 

a. Determination of moisture. P ulvorize the coal finely, 
heat one to two gms in a covered platinuin or porcelain cru- 
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cible fifteen minutes, in an air bath at 212^ to 240° P. Cool 
and weigh, repeat until weight is constant, or begins to rise. 
Loss=moisture. 

b. Determination of volatile and combustible matter. 
Heat the same crucible with contents to bright redness 
over a Bunsen burner or alcohol lamp, exactly three and 
one-half minutes, and then three and one-half minutes over 
a blast lamp, Cool and weigh. Loss = volatile and com- 
bustible matter. This also includes one-half the sulphur 
from any sulphide of iron contained in the coal. 

c. Fixed carbon. Heat over the burner until the ash 
is white and constant in weight. Loss=fixed carbon and 
one-half the sulphur from the sulphide of iron. 

• The sulphur must be determined by the wet method, page 
122. For phosphorus, see Fresenius on Quantitative An- 
alysis. 

Remarks. — In reporting an analysis of a coal, deduct 
the sulphur as mentioned, and enter it as a separate item 
in the analysis, so that it will add up correctly. Any phos- 
phorus present will be contained in the ash ; if determined, 
allow for it. ^ 

To determine the actual volatile matter for gas making 
purposes, a very rough but simple plan is to heat a small 
sample in an ordinary clay pipe, luteing the top of the 
bowl, so that the volatile products will pass out through the 
stem, at the end of which the gas can be lighted. 

Analysis of tijvo samples of different semi-bituminous 

coal gave the following results : 

Moisture 3.810 0.965 

Volatile combustible matter 27.800 30.111 

Fixed carbon 61.965 61.033 

Ash 7.425 7.829 

Sulphur 3.863 1.347 
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27.300 minus §:^ and 30.111 minus ^^ gives the correct 
amoimt of volatile matter. 

Q QAQ 1 Q^'y 

61*965 minus -^—- and 61.033 minus --^— the correct amount 

of fixed carbon. 
Phosphorus not determined. 



PART III. 



ASSAYS m THE WET WAT, OR ANALYSES. 



SILVER BULLION'. 

This process embraces two steps : 

a. Preliminary assay. 5* Assay proper. 

The latter requires for its conduct, three solutions, called 
normal salt, decime salt, and decime silver. 

The normal salt is a solution of salt 100 c.c. of which will 
precipitate exactly 1 gm. of silver. 

The decime salt is a solution one-tenth the strength of 
of the normal. One c.c. will precipitate one milligi^mme 
of silver ; it is made by diluting one part of the normal 
solution with nine parts of pure water. 

The decime silver is a solution of one gm. of pure silver 
in nitric acid diluted to a litre. One c.c. of this solution 
will contain one milligramme of pure silver. One c.c. de- 
cime silver is equivalent to one c.c. decime salt. 

Preparation of the Normal Salt Solution. — A large 
quantity of the solution is prepared and preserved in com- 
mon glass carboy, which has affixed to it a paper ^scale, 
carefully graduated, indicating its contents at any time 
It is made by diluting 2.07 parte of a saturated solu- 
tion of salt with 97.93 parts of pure water, or until each 
100 c.c. of the resulting solution contains just .54167 of a 
gramme of salt, which is the amount necessary to precipi- 
tate one gm. of pure silver. The amount of concentrpited 
solution required for 100 c.c. of the normal, depends upon its 
strength, which can be determined by evaporating a meas- 
ured portion to dryness, and weighing it. The water and 
salt solution must be well mixed and the tubes and pipette 
washed out by allowing some to run through them. The 
solution must then be tested and accurately standardized. 
For this purpose three or four solutions of silver in nitric 
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acid are prepared, called check assays, each containing one 
gm. pure silver. The solutions are made with strong acid 
in glass stoppered bottles of 8 ozs. or 250 c.c. capacity. 
Prepare also a temporary decime salt Solution by diluting 
25 c. c. of the approximate normal with 225 c. c. of water. 
Bun into one of the check assays 100 c.c. of the normal, 
a^tat^ and allow the precipitated chloride of silver to set- 
tle. Repeat the agitation if necessary untU the solution 
settles clear and bright, add now one c.c. of the decime salt 
solution. Agitate as before, add again one c.c. of the decime 
isalt, and repeat until a precipitate fails to appear. Sup- 
pose we have added altogether 14 c.c, the last produced no 
precipitate and is not counted. Thus 101.3 parts of the 
normial solution are necessary to precipitate one gramme of 
silver, whUe only 100 should be required. The normal 
is too weak, iand the quantity of salt solution to be added 
may be found by dividing the mumber of c.c. of con- 
centrated salt solution used to make the normal by 100 
— l.S or 98.7, and multiplying by 13, the number of decime 
added after correction. The solution is again tested, a new 
decime salt made, and so on. If the normal be too strong cal- 
culate from the sUver precipitate the excess of salt in the 
whole solution, and water in the ratio prescribed to dissolve 
it. C= excess of silver precipitated over 1 gm, hence 1 
is to C as .54167 is to 7=salt in excess in 100 c.c. of the 
normal. This, multiplied by the number of c.c. left, gives 
the total salt in excess. 

■ 

a. Preliminary Assay. — This is rendered necessary by 
the fact of our employing a constant volume of normal 
salt solution corresponding to one gm. of pure silver. 

Weigh out one gramme of the alloy, and wrap it in pure 
lead foil, which should be kept in small sheets about two 
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inches square, weighing jrr^ oz.; or 5.287 gms. each, and 

cupel. Suppose we obtain a button of silver weighing 
3.8696 gms., then,— 1 is to 0.8695 as 100 is to x=869.5, ap- 
proximate fineness. The following table from Mitchell gives 
the corrections to be made. They are in thousandths, and 
are to be added to the standard : 



Stanjiabd. 


COBRECTION. 


Stamdabd. ( 


DOBBBOTtOK. 


Stanoabd. . .. 


Cobbbotion. 


998.97 


1.03 


670.27 


4.73 


346.73 


3,27 


973.24 


1.76 


645.29 


4.71 


322.06 


2.94 


947.50 


2.50 


620.30 


4.70 


297.40 


2.60 


921.75 


3.25 


595.32 


4.68 


272.42 


2.58 


896.00 


4.00 


670.32 


4.68 


247.44 


2.56 


870.93 


4.07 


545.32 


4.68 


222.45 


2.56 


845.85 


4.13 


620.32 


4.68 


197.47 


2.65 


820.78 


4.22 


495.32 


4.68 


173.88 


2.12 


795.70 


4.30 


470.50 


4.50 


148.30 


1.70 


770.59 


4.41 


446.69 


4.31 


123.71 


1.29 


745.38 


4.52 


420.87 


4.13 


99.12 


0.88 


720.36 


4.64 


396.05 


3.95 


74.34 


0.66 


695.25 


4.75 


371.39 


3.61 


49.66 


0.44 



Example. The number in the column of standards near- 
est to 869.5 is 870.93 ; the corresponding correction is 4.07 ; 
adding this to 869.5, we obtain 873.57 for the true approx- 
imate fineness. 

b. Assay Proper. — Take such a weight of alloy as will 
contain one gm. of pure silver. This is found from the 
approximate fineness by the following proportion : 873.57 
is to 1000 as 1 is to x=1.145 gms. Place this in a glass-stop- 
pered bottle of about 8 oz. capacity, and dissolve in 10 c.c. 
ixitric acid. Heat gently on the sand bath to facilitate so- 
lution, and cool. Add 100 c.c. of the normal solution, and 
proceed in the same way as' in testing the normal solution 
until the derime salt fails to give a precipitate. Suppose 
we have added 6 c.c. of the decime salt ; the last gave no 
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precipitate ; bo that we reqnired more than 4 and less tbaa 
, 6, or 4.6 C.C. If greater accuracy be necessary check with 
the decime Bilver Bolation. We have used 100.45 of salt 
solution =1.0045 gms. of silver. The fineness is given by 
the following proportion: 1.146istol.0045asl000i3 tox= 
the fineness. 

A ^"ARATtrs Employed. — (Pig. 29). 

arboy should hold about 60 
or 15 to 16 gallons, and have a 
scale affixed to it ; graduated 
ing successively a known num- 
litres of water until the car- 
filled, and marking aft«reach 
>n the height of the liquid. B 
are parts of a valve. B is the 
of glass through which the 
pass, fitted by a cork. V is a 
if sheet-iron four inches deep. 
; The valve is closed with mer- 
cury to about one-third of its 
f height. An enlaiged section 
of the valve is shown at T. 
The tube T and the siphon 
S reach nearly to the bottom 
of the carboy. The former 
admits air, and as none can 
pass out evaporation is pre- 
vented. The siphon is jcHnted 
r at a, and has a stopcock at b. 
ihed at the lower end with a 
bber tuWng for connecting with 
Fid. 29. the lower part of the pipette P ; which is 
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supported by brackets e c, affixed to the wall of the room 
or an upright standard. The upper extremity of the pipette 
P, passes through a vessel d^ designed to catch the Uquid 
running over. The method of using the apparatus is to at- 
tach the tube to the pipette, open the pinch-cock e^ allow 
the normal solution to flow upwards into the pipette, 
until the latter overflows. Stop the flow, close, with the 
finger, remove the rubber tube and wii)e off any of the so- 
lution adhering to the outside of the pipette, which is 
now ready, on removing the finger, to deliver 100 c.c. of the 

normal solution. Fig. 
3u ^hows a very con- 
venient apparatus for 
holding the glass bot- 
tle which receives the 
liquid from the pipette 
and catching the drip- 
pings, c is a cylinder of 
Fig. 30. tin-jdate to receive the 

assay bottle. E is a sponge enveloped in linen, forced into 
a tube of tin-plate, terminated above by a cup and open 
below, so that the liquid may 'run into the vessel B, on 
which the tube is soldered. The whole apparatus is affixed 
to a sheet of tin-plate, movable in two slots R R. The 
extent of movement is determined by two stops t t, so 
placed that when the base of the apparatus abuts against 
one of them, the pipette will be in contact with the sponge. 
When it strikes the other it will be directly over the center 
of the neck of the bot 




Remarks. — The precipitated chloride of silver must be 
exposed to the light as little as possible. Sunlight con- 



104 WET ASSAYS. 

vcfrts the chloride into a sub-chloride, liberating chlorine^ 
arid this vitiates the results. The action of sunlight may- 
be prevented by windows of yellow glass, which excludes 
chemical rays. If the bullion treated contains mercury, 
sunlight will not blacken the combined chlorides ; the mer- 
cury may be held in solution by adding 10 gms. of acetate 
of soda' containing a little free acetic acid. Test for the 
presence of mercury by standing the bottle in the light. The 
temperature of the normal solution should remain the same 
as that at which it was standardized. The most convenient 
temperature is 68° F., and the solution should be made 
and kept in a separate room, the heat of which can be reg- 
ulated by a good thermometer. 

Despite all precautions the normal solution will become 
stronger in time through evaporation of wat^er. This will 
demand correction, and in regular practice it is customary 
to take a certain weight of pure silver and subject it to the 
same operation as the regular assays. The latter are cor- 
rected according to the indications of the proof assay. 
1.005 grammes of silver is a convenient weight to take. 

The strength Qf the concentrated salt solution can also be 
determined by finding how m^ny c.c. will be required to 
precipitate one gm. of pure silver ; the concentrated salt 
solution being run from a graduated pipette a few drops 
at a time. If we have determined by evaporation the salt 
in one c.c, we simply divide .54167 by the weight found, 
and we have the number of c.c. of concentrated solution to 
be diluted to 100. 

The presence of sulphide of silver or antimony, and tin 
sometimes interferes in making the silver bullion assay. 
The first two may be removed by boiling with stronger acid. 
For the latter a little nitre and sulphuric acid will make a 
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clear solution. (SiBe Report of the Director of the U. S. 
Mint for 1875). 

The pure silver required for standardizing and check as- 
says may be made by dissolving tough bar silver in nitric 
acid, and precipitating with pure hydrochloric. The white 
precipitate being well washed, and fused with bi-carbonate 
of soda, and the button obtained re-melted with borax to 
purify it. 

The chloride can also be reduced with zinc and dilute 
sulphuric acid, and the fine silver obtained melted down 
with borax glass ; re-melting to purify. 



GOLD BULLION. 

The assay of gold coin and bullion comprises two deter- 
minations, a. Base metal. &. Gold. The diflference be- 
tween these two, and the total weight of bullion gives the 
amount of silver. 

a. Base Metal : Cupellatiok. — Weigh out 0.500 gms. 
and cupel with ten times its weight of pure lead rolled out 
into a sheet, the bullion being wrapped in it. If the bul- 
lion contain much copper, use more lead, or one-half the 
weight of bullion. 

The copper is oxidized and carried into the cupel by the 
litharge, leaving a button of gold, and silver, if there be 
any. 

A check assay is made with every set of assays. We 
employ for this a proof -alloy containing 850 parts of gold, 
12 parts of copper, and the rest silver. This ought to lose 
by cupellation just 12 parts of copper. It may lose more 
or less, and according to the diflference one way or other, 
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we correct the i^^gxdar assays which have been madei under 
the same conditions. A fine gold proof is also made. 

J. GfoLD,PARnNG. — Take for this operation 0.5 grammes 
of the alloy and add two and one-half times its weight of 
pure silver. Wrap the alloy and silver in a sheet of lead 
and cnpel. If the alloy be over 950 fine, add, say 0.005 
gms. of rolled copper to toughen the comet. This addition 
should also be used in the fine gold proof. The button 
obtained from cupeUation is hammered on the anvil to flat- 
ten. Three blows with a light hammer will suffice. It is 
then heated to redness in a clay annealing cup, and passed 
between the roUs of a small flattening mUl. When rolled, 
the ribbon is again annealed and wound into a comet or 
spiral. 

The comet is subjected to the action of nitric .acid in a 
glass matrass of about three ounces capacity (Pig. 24). 
Acid of two diflferent degrees of strength is employed. The 
first has a specific gravity of 1.16 (21°Beaume) ; the second 
a gravity of 1.26 (32° Beaume). If very strong acid were 
used at first the action would be too brisk and might break 
up the comet. First pour on the acid of 1.16 specific grav- 
ity, and heat for ten minutes ; replace this with acid of 1.26 
specific gravity, and boil ten minutes ; decant, and make a 
second boiling with acid of the same strength (1.26) for 
another ten minutes. A gentle boiling is intended, and not 
a tumbling about of the comet. Finally the comet is 
washed, the flask filled- completely with distilled water, 
an annealing-cup placed over the neck, and the whole is in- 
verted. The comet f aUs into the cup, the flask is removed, 
the water decanted, and the comet dried and annealed. 
The weight of this cornet gives the amount of gold in the 
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sample assayed. The gold, copi)er, and silver are reported 
in thousandths. 

Remarks.— The government use for test assay of gold 
coins, an alloy of, gold 900, copper 75, and silver 25 parts. 

Proof gold for test assays can be made by dissolving as 
pure metal as obtainable in aqua r^gia, diluting the solu- 
tion largely and allowing it to stand, to settle any chloride 
of silver, the filtered solution being then concentrated to 
crystallization, diluted with pure water, and the gold pre- 
cipitated with oxalic acid, filtered off, well washed, dried 
and fused with borax and nitre ; re-fusing to purify. Sul- 
phate of iron may be used in place of oxalic acid for precip- 
itation, but tests made in the Royal Mint, London, proves 
the former to be the best. 



CHLORINATION ASSAY. 

To determine the percentage of chlorination, weigh out 
two samples of the chloridized ore or "pulp," each j^ A.T. 
Scorify one with 30 gms of lead, and cupel. Place the sec- 
ond sample in a filter paper and wash with a strong solution 
of hyposulphite of soda in water (two pounds to the gal- 
lon) until all the chloride of silver in the " pulp" has been 
dissolved. This can be determined by adding a drop of a 
solution of sulphide of sodium in water to a test sample of 
the filtrate. When no black precipitate or brown color is 
formed, the chloride of silver is all dissolved, and the desired 
point has been reached. Wash the residue with pure water, 
dry and burn the filter in a dish or scoop, in the cupel muffle. 
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Mix the ashes with 30 gms. of pure lead, scorify and cni)eL 
The calculation can best be shown by example : 

The "pulp" untreated gave 208 ozs. of silver per ton 
The '^ pulp" treated " 14 " " " " 

still remaining in the ore unchloridized. Hence, to deter- 
mine the percentage of silver chloridized form the proi)or- 
tion : 208 : (208—14) :: 100 : x 

In the West, nearly all silver reducing works make these 
assays every day, as the amount of chloridized silver is all 
that can be extracted by amalgamation. 

Remarks. — This method is sufficiently accurate to check 
the chlorination of the ore, and with proper care, duplicate 
assays are unnecessary. 

The operations of scorification and cupellation are con- 
ducted as already described under the head of silver ores. 

The success of the process dei)ends upon the care taken 
in washing 

SCHEME FOR PLATINUM. 

Treat one gm. of ore or alloy, with hydrochloric acid, fil- 
ter and wash. This will separate the iron and soluble con- 
stituents. Treat the residue with nitric and muriatic acid, 
the latter being in excess, and digest for sometime; eight to 
fifteen hours. The residue will consist of silica and most 
of the iridium and osmium. The solution will contain the 
platinum more or less pure according to the number of other 
metals contained in the ore. Evaporate it nearly to 
dryness and add twice its bulk of alcohol, and chloride of 
ammonium, until a precipitate ceases to form. Filter, wash, 
and dry ; then transfer filter and coBi^ents to a clay cruci- 
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ble ; cover and heat gradually, and finally intensely, cool, 
and weigh the residue of platinum sponge. This method 
is of course approximate only, as it is difficult to separate 
all iridium, and other metals ; but for practical purposes it 
is sufficiently close. 

To determine the constituents of the ore which are of no 
value, charge two gms. of ore, and ten gms. of granulated 
silver, well mixed, in a small crucible, the sides of which 
have been glazed with borax (melt some borax in it), over 
the mixture of borax and silver put ten gms. borax glass 
and one or two pieces of charcoal. Fuse and keep hot for 
lor some time ; cool, break, and weigh the button of alloy ; 
after carefully removing the borax glass. Subtract the 
weight of the button from the sum of the weights of the 
ore and silver. The difference equals the impurities in the 
ore. The button can then be treated with nitric acid to dis:: 
solve the silver, by the method given above. 

Remarks. — When the proportion of silver in the button 
is very large, the nitric acid will dissolve the platinum also. 
The above methods have been tried with success on vari- 
ous platinum compounds. In sponging the platinum, i^ 
should be wrapped in paper first, and covered to prevent 
loss. Care must be taken to drive out all the ammonii^ 
salts, by raising the temperature toward the last. 



SCHEME FOR ZINC. 

The ore may contain lead, arsenic, antimoily, sulphur, 
gold, silver, copper, zinc, manganese, iron, silica, alumina, 
lime, and magnesia. To determine the zinc. Weigh out one 
to four gms. of ore, according to its richness. Treat with 
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ten C.C. nitric, five c.c. muriatic, and ten c.c. sulpliuric 
acid, adding each separately and in order, increasing the 
quantity if necessary. All the acids should be concentrated. 
Evaporate nearly to dryness in a porcelain casserole ; mois- 
ten with dilute muriatic acid, and dilute with water. Pass 
sulphuretted hydrogen gas through the solution as de- 
described on page 42. Warm, filter, and wash. 



Residub a 
Will contain the lead, ar- 
senic, antimony, sulphur, 
gold, silver, silica, and most 
of the lime. 



Residue B 
Will contain the iron and 
alumina. 



Filtrate A 
Will contain the zinc, manganese, iron, alumina, 

and magnesia. Boil with one or two crystals of 
chlorate of potash, nearly neutralise with car- 
bonate of soda, until a reddish color appears ; 
boil and add acetate of soda (4 to 8 gms). Boil 
for ten to twenty minutes, filter and wash. 



Filtrate B 
Will contain the manganese, zinc, and magnesia. 
Add acetic acid, and satura^ with sulphuretted hydrogen gas, wam^ and fil- 
ter. Wash carefully with sulphuretted hydrogen water once or twi<». 



Residue C 
Will contain zinc and sulphur 



Filtrate C 
Manganese and magnesia. 



Dissolve residue C on the filter with warm hydrochloric acid, 
add a little chlorate of potash to the solution, and boil. Add 
carbonate of soda until a precipitate ceases to form. Filter 
and wash the precipitate, dry on the paper and ignite in a 
platinum crucible. Weigh after cooling. Deduct the 
weight of the crucible and filter paper from the last weight 
and multiply the diflference by .8026. The product will be 
the metallic zinc. 

The percentage can be determined by the formula. Per- 

. . . zincXlOO 

cent, of zmc= — . ^. > r-r^ 

weight of ore taken. 

If the ore contains no manganese, instead of precipitat- 
ing filtrate a with acetate of soda, boil it with two or three 
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crystals of chlorate of potash, and add ammonia in excess ; 
the residue will contain the iron and alumina, the filtrate* 
the zinc, which can be determined volumetrically by the 
following method : 

Prepare a solution of stilphide of sodium in water (100 
gms. to 1000 or 1200 c.c. of water), and standardize with a 
solution of zinc made by dissolving 10 gms. pure zinc in 
hydrochloric acid and diluting to 1 litre. The operation 
is performed by measuring off 50 c.c. of zinc solution in a 
beaker, adding ammonia until the precipitate is re-dissolved, 
then 400 c.c. of water; afterward running in the sulphide 
of sodium solution from a pipette until a drop of the 
zinc solution tested with chloride of nickel on a porcelain 
plate turns blackish gray. Note the number of c.c. of sul- 
phide of sodium used, and repeat to be certain. Knowing 
the amount of zinc in the solution, the value of the sulphide 
of sodium solution per c.c. is very easily calculated^ This 
done, the ammonia solution of zinc from filtrate a can be 
divided and tested in the same maimer. 

Calculation. The number of c.c. of sodium solution 

employed multiplied by the value per c.c. gives the amount 

2x100 

of zinc=Z. -„ . , ^ , r-i — =the per cent. 

Weight of ore taken 

Remarks.— An ore containing sulphide of zinc was treated 
by the first method, the assays being made in duplicate : 

No. 1 gave 2.380 per cent, metallic zinc. 

" 2 '' 2.367 " u u 



DETERMINATION OF BISMUTH IN AN ALLOY. 

Weigh out two gms. of the alloy, and treat with concen- 
trated nitric acid until actioh' ceases. Evaporate to dryness. 
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add 60 to 100 drops of sti^ng sulphuric acid. Mix with a 
glass rod, and evaporate to dryness. Add water with a few 
drops of sulphuric acid and boil. Filter, and to the solution 
add an excess of carbonate of ammonia. Collect the pre- 
cipitated, oxide of bismuth on a filter, wash, and dxy. Sei)ar 
rate carefully from the lilter, ignite in a porcelain crucible 
and weigh. Every 100 parts of the weight found corres- 
ponds to 89.87 of metallic bismuth. (See Mitchell, p. 642.) 

Remarks. — The bismuth may also be precipitated from 
the prepared solution by either lead, or copper ; and after 
washing and drying, be weighed in a metallic form, or re- 
dissolved and precipitated as above. In this case copi)er 
will be the best preciptant. 



DETERMINATION OP TIN IN THE WET WAT. 

The various methods that have been employed for the de- 
termination of tin in the wet way may be classed under two 
heads: 

a. The substance is an ore. This may consist of an 
oxide or sulphide of tin, and be associated with iron, cop- 
per, zmo, bismuth, arsenic, antimony, manganese, silica, 
lime, magnesia, and alumina ; occasionally molybdenum, 
tungstic, tantalic or niobic acids. 

J. The substance is an alloy, which may contain iron, 
copper, zinc, bismuth, arsenic, antimony, tungsten, and 
molybdenum. 

a. Treatment of ores. Pulverize finely. 

1. If the ore contain volatile ingredients roast as in the 
dry assay, and treat the residue with nitro-hydrochloric acid 
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(cone. ), (3 parts of hydrochloric to 1 of nitric), to dissolve 
iron, copper, etc. Boil nearly to dryness, cool, dilute with 
water and digest. Filter- The residue will contain the 
oxide of tin and silica, possibly the tungstic acid, etc. 
Wash, and if tungstic acid is suspected, digest with caus- 
tic ammonia for about one hour. Filter, wash, dry, and 
treat the residue ' by fire assay, or by one of the methods 
given below. Instead of treating the roasted ore with acids, 
it may be fused with bi-sulphate of potash in excess, which 
decomposes the silicates in the ore, and dissolves the bases; 
the fused mass treated with water and hydrochloric acid, 
the residue filtered off, washed, dried, and treated by 
dry assay or wet, as the case may be. The addition of cry- 
olite or fluoride of potassium in the fusion with bi-sulphate 
of potassium gives good results. 

2. Determination of tin in the purified ore. 

Method by fusion with sulphur. Weigh out one gm,^ and 
mix with five gms. of powdered sulphur, and five gms. of 
dry carbonate of soda. Place the mixture in a porcelain 
crucible, cover and heat over a Bunsen burner, or alcohol 
lamp, until liquid. Keep fused for ten or fifteen minutes ; 
cool and treat the fused mass with water, filter and wash. 
Test the residue for tin with the blowpipe, and if any be 
present re-fuse, and add the solution to the one obtained in 
the first fusion. 

Place the solutions in a large beaker, and trea!t with dilute 
sulphuric or hydrochloric acid until a precipitate ceases to 
form ; boil, filter by decantation, and wash with sulphu- 
retted hydrogen water. Dry the residue and ignite in a 
weighed porcelain crucible, to expel sulphur, adding a few 
drops of nitric acid to oxidize toward the last. Weigh 
until constant. The addition of a little carbonate of am- 
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monia in the ignition will help to expel any sulphuric acid. 
The ignited residue consists of binoxide of tin and silica ; 
if great accuracy is required, it should be purified either by 
heating with fluoride of ammonium until the weight is con- 
stant, or reducing the binoxide of tin with hydrogen, dis- 
solving the metal produced in hydrochloric acid, washing 

and weighing the residue. The loss represents the binoxide 

59 
of tin. The weight of binoxide found, multiplied by =^, 

gives the metallic tin. 

Street gas may be used instead of hydrogen, the weighed 
precipitate being placed in the bulb of a small chloride of 
calcium tube, through which the gas is passed, the bulb 
being heated. 

Method by fusion with caustic iK)tash : 

Weigh out one gramme and fuse with six to ten gms. of 
caustic potash in a silver crucible. The potash being placed 
in the crucible with its own weight of water, the ore stirred 
in, and the whole mass evaporated to dryness, and then 
heated for one half hour, until fusion is complete. Dissolve 
the fused mass in water and hydrochloric a^sid, and boU ; 
any tin ore unacted upon filter off and re-fuse. Evaporate 
to dryness, moisten with hydrochloric aeid and water, di- 
gest, filter and wash. The solution will contain the tin free 
from silica, tungstic acid, etc. 

The tin can be precipitated from the solution with zinc, in 
the metallic state, collected, washed and weighed, or it may 
be precipitated with sulphuretted hydrogen and the pre- 
cipitate filtered off, washed, ignited, and weighed as bin- 
oxide. 

In cases where the ore has been purified with acids, or by 
fusion with bisulphate of potash, the silicia may be expelled 
until the weight is constant with fluoride of ammonium, 



OOPPEB. lis 

and the rissidue weighed as binoxide. The results are, 
however, liable to be too high. 
h. The substance is an alloy. 

1. Dissolve in hot hydrochloric acid, filter, and waslL 
Precipitate the filtrate with zinc. Collect the precipitated 
metals, dry, and ignite ; treat with concentrated nitric acid 
and wash. Dry the residue, and we%h as bino^side; 

2. Oxidize the finely divided alloy (filings) with nitric 
acid, sp. gr. 1.3. Add water, digest and filter, wash, ig- 
nite, and weigh the residue as binoxide of tin. 

Bemabes. — Slags which contain stannates. Pulverize, 
and afterwards digest with water, filter, and treat the solu- 
tion with dilute sulphuric acid. 

The best way is to neutralize the solution with ammonia, 
add a little hydrochloric acid to dissolve any precipitate 
formed, then the sulphuric acid, and dilute. Allow to 
stand for several hours before filtering off the precipitate 
formed. Ignite and weigh as binoxide. Watts' Dictionary 
of Chemistry, Vol. 6, page 811. 

Comparison of results obtained by various methods in 
the assay laboratory. 

/V-- Method bt fubiok Hethoi> bt Mxthod with 

* WITH Su]:;pHUB. Fluobidx. Htdbogxit. 

Durango, 76.8 76.8 

" 76.3 76.4 

" 76.2 76.4 

Locality unknown, 74.8 76.6 76.0 

" " 74.7 76.7 

SCHEME FOR COPPER. 

Roast five gms. of the finely powdered ore with the addi- 
tion of a little charcoal, and carbonate of ammonia toward 
the hist. Treat the residue, in a covered casserole, with five 
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c.c. hydrochloric, ten c.c. nitric, and ten c.c* sulphuric acid, 
concentrated, and added in order. Evaporate until heavy 
white fumes come off in excess. Cool, dilute with a little 
water and digest, filter, and wash the residue until the fil- 
trate does not turn black with sulphuretted hydrogen solu* 
tion. Test the residue with the blowpipe for copper. 

The solution wUl contain the copper as sulphate, and can 
be treated in several ways. The best are, 

a. Precipitation by the battery* 

h. Precipitation by zinc or iron. 

c. Volumetric determination. 

Divide the solution in five equal parts by volume. 

a. Precipitation by the battery. 

Place the acid solution oi copper in a weighed platinum 
dish ; set the dish upon a spiral of copper wire connecting 
the zinc element of a Bunsen cell, and have in the solution 
a piece of clean platinum foil, suspended from another 
wire connecting with the carbon element. Test for the 
complete precipitation ox the copper by taking out a little 
of the solution and adding sulphuretted hydrogen ; if no 
color is observed, the precipitation is complete. Decant 
the fiuid from the red precipitate of copper, wash once with 
water, and twice with alcohol. Dry by burning out the 
alcohol, and weigh. This weight, less the weight of the 
dish, equals metallic copper. The operation of drying and 
weighing must be conducted as quickly as possible. 

h. Precipitation by zinc or iron. 

Pour one part oi the solution of copper in a porcelain 
dish, in wliich is placed a weighed slip of platinum foil. 
Rest upon the latter a piece of pure zinc (Lehigh zinc wiU 
do), and add dilute sulphuric acid until fumes cease to 
come oflf, and the zinc is dissolved. The solution should 
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tlien he clear and give no color with sulphuretted hydrogen. 
Pour off the liquid, press the copper together, and wash 
with water and alcohol ; dry, and weigh the copper and 
foil. This weight, less that of the foil, gives the copper. 

The precipitation by iron is conducted in much the same 
manner, save that the solution should be nearly neutral, 
and no platinum foil is required. The iron used should be 
clean and pure ; it may be either sheet or wire. 

c. Volumetric determination. 

Take one part of the prepared solution of copper, and add 
ammonia in excess until the precipitate formed is dissolved ; 
the solution should "be a deep blue. Then tetrate with a 
prepared solution of cyanide of potassium until the blue 
color disappears. The number of c.c. of cyanide used indi- 
cates the amount of copper present. The cyanide solution 
is made by dissolving .sixty to seventy gms. commercial 
cyanide of potassium in two quarts of water, and standard- 
kang it with a solution of pure copper, of known value. 
This is made by dissolving five gms of pure copper ia nitric 
acid, boiling and diluting to one litre. A portion of this 
solution can then be treated with cyanide, and the value of 
the latter in copper per c.c. ascertained. Should zinc, 
nickel, cobalt, or manganese be present in the ore treated, 
it is well to precipitate the copper with zinc in a porcelain 
dish, wash with water, and re-dissolve in nitric acid. Then 
add ammonia and proceed wilh the tetration. The solution 
of cyanide should be kept in a green bottle, tightly stop- 
pered, and away from the light. 

Remarks. — ^Determinations of copper in a mixture of iron 
and copper pyrites gave, by precipitation with sheet iron, 
16.6 per cent. ; by volumetric estimation with cyanide solu- 
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tion 16.68 and 16.35 per cent. Another sample gave 8.4 
and 8.6 per cent., and a third specimen gave : by battery, 
1.3 per cent., with zinc, 1.3 i)er cent. 



SCHEME FOR IRON. 

Volumetric. Weigh out 1 gm. of the finely powdered 
ore. Fuse in a platinum or porcelain crucible, with 4 to 6 
gms. carbonate of soda and } to 1 gm. of nitrate of soda, 
weU mixed ; until the whole mass is in quiet fusion. Then 
cool and dissolve in a casserole with water, acidulating 
gradually with hydrochloric acid, until gas ceases to come 
off. Keep covered to prevent loss. Heat for some time, 
filter and wash.- 

Treat the filtrate with ammonia until a precipitate ceases 
to form ; boil, filter, and wash once or twice, and then dis- 
solve the precipitate in dilute sulphuric acid on the filter, 
and wash. The solution containing the iron as sulphate is 
placed in a 6 oz. bottle with a clean strip of platinum foil 
and a small piece of amalgamated zinc free from iron. 
Allow it to stand several hours, then transfer to a large 
beaker and titrate with a standard solution of permangan- 
ate of potash prepared as follows : Make a solution of crys- 
talline permanganate of potash in water and standardize 
it with a solution of pure sulphate of iron of known value. 

The latter is prepared by dissolving .2 gms. of fine iron 
piano-forte wire, well cleaned, in a four ounce fiask with 
dilute sulphuri« acid. The fiask should be closed so that 
the igas evolved can pass out and no air enter. To effect 
this, stop the fiask with a cork in which is fitted a glass tube 
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about two inches long, on the end of whick is a piece of 
rubber tubing closed at the extremity with a small piece of 
glass rod and slit on one side. In this way a valve is formed 
which allows the gas to escape. Heat just enough to dis- 
solve the wire, and when this is effected decant into a me- 
dium sized beaker, wash the flask out, adding the wash 
water to the solution in the beaker (use cold water) ; then 
add 5. to 10 c.c. dilute sulphuric acid, and titrate with the 
permanganate solution, adding it a c. c. at a time from a 
graduated burette. 

The weight of the iron taken, multiplied by .997,= the 
weight of pure metallic iron to which the cubic centimeters 
of permanganate used is equivalent. All that is necessary 
is to find the value of 1 c.c. of permanganate, and in testing 
an ore multiply it by the number of c.c. used. The pro- 
duct equals the metallic iron in the ore. 

The presence of titanium interferes with this method. 

In this case the solution in the reduction bottle will have 
a pink tinge after standing. To separate the iron and 
titanic acid, dry, and ignite the ammonia precipitate in a 
glass tube which can be heated strongly over a burner, hy- 
drogen (street gas) being passed through the tube ; dissolve 
the iron and proceed as above. The same precautions should 
be observed in keeping the permanganate solution as in the 
case of the cyanide, given in the scheme for copper. 

Remarks — A sample of magnetite and hematite gave by 
this method, duplicate gissays being made. 

No. 1 52.304 per cent. iron. 

No. 2. 62.416 " " 

The ore contained no titanic acid. 
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SCHEME FOR MANGANESE, 

Manganese occurs in an oxidized form, and its principal 
ores are 

Pyrolusite (black oxide) (MnO,) =18 per cent. 

Braunite (sesquioxide) (Mn,0,) =10 

Manganite (gray manganese ore) (Mn, 0,+H«0) = 9 

Psilomelane (hydrate) (Mn,0.+H,0) = 9 

Hausmanite (red manganese oxide) (Mn^O^). .=6.8 

The quantity of oxygen which an ore of manganese is 
capable of yielding generally regulates its commercial value ; 
hence, it is only necessary to determine the amount of bi- 
noxide contained, which can be arrived at very easily by the 
following method ; sufficiently accurate for practical pur- 
poses^ 

Assay. — Weigh out 1 to 2 gms. of the finely pulverized 
ore, place in a small flask, and add from 5 to 7 gms. of neu- 
tral oxalate of potash in powder, and a little water. Close 
the flask with a plug of cotton and weigh. Then add about 
30 c.c. of sulphuric acid, a little at a time. The sulphuric 
acid should be weighed in a small flask, which should be 
again weighed when empty, to determiue the actual weight 
of sulphuric acid added to the ore. When effervescence 
has ceased, heat the flask containing the ore gently until 
every trace of black powder in the same has disappeared. 
Cool and weigh. The amount of peroxide of manganese 
can be estimated from the carbonic acid driven off, as fol- 
lows : Deduct the weight of the flask and residue from the 
sum of the flrst weight, and the sulphuric acid used, and 
multiply the difference by 0.9887 the product wUl be the 
amount of binoxide of manganese contained in the ore 
taken. 
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Remarks. — ^When the ores contain carbonates (which can 
he ascertained by testing with nitric acid), after weighing 
out the ore, treat it with a solution of one part of sulphuric 
acid to five parts of water, until the carbonates are decom- 
posed. Wash, and then add the weighed oxalate of potash 
and more acid. 

The process given above, in order to be perfectly accurate, 
should be performed in an air-tight apparatus with the 
greatest care, so that nothing but carbonic acid can escape, 
and no moist air enter 5 but for practical purposes, the 
apparatus given will do. 

A sample of manganese ore treated by this method gave 
64 per cent, of binoxide. The same sample gave 63.9 per 
cent, of binoxide by determining the metallic manganese, 
and calculating the amount of oxide it would form. For 
this test, however, the apparatus was nearly air-tight, and 
a little more perfect than the one described above ; but on 
the same principle. 

DETERMINATION OP NICKEL, 

Weigh out one or two gms. of ore and roast carefully, 
adding charcoal, and carbonate of ammonia toward the end 
of the operation. Treat the roasted ore with hydrochloric, 
nitric, and sulphuric acids, as in the method for copper. 
Cool, and add water and sulphuric acid. Pass sulphuretted 
hydrogen through the solution ; warm, filter, and wash. 
Boil the filtrate to expel excess of sulphuretted hydrogen, 
and to convert the iron present into a sesqui-salt. Treat 
with ammonia in excess ; boil, filter, and wash. The solu- 
tion will contain the nickel as a sulphate. Allow it to stand 
three or four hours, and filter off any precipitate formed ; 
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then place the solution in a platinum dish, and treat a& in 
the determination of copper, keeping the solution ammo- 
niacal instead of acid. 

Remabks. — This method tried on poor nickel ore gave 
excellent results. 0.12 per cent, being the lowest amount 
determined. 



SCHEME FOR SULPHUR. 

Sources. — ^Native sulphur, and sulphides of the metals, 
more or less pure. The sulphide of iron (pyrite) (FeS,), 
being most used. 

Assay. — This is made by distillation; and in the wet way, 
The latter is the best. 

To conduct the first, weigh out a portioDi of the finely pul- 
verized ore, and heat it in a retort; which should be fur- 
nished with a receiver to collect the sublimed sulphur. The 
retort may be of glass if the ore is sulphurous earth, but 
must be of iron if pyrites ; the latter should also be mixed 
with sand, to prevent its fusing together.^ The heat for 
pyrites should be full red. 

The product of distillation is weighed and should be 
examined by the wet way to determine its purity ; h^ice it 
is generally better to test the ore in this way at once. 
Weigh out one to two gms. of the fii^ly pulverized ore and 
oxidize with nitric acid and chlorate of potash, in a flask, 
until action ceases ; then filter and wash. If the residue 
contains sulphur, dry and weigh it ; then ignite and weigh. 
The difference will be the sulphur unoxidized ; add to this 
a little hydrochloric acid, and then chloride of barium in 
slight excess, heat for a few moments, and allow the parti- 
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cles to settle. Pour off the liquid through a filter, and 
wash with dilute hydrochloric acid, then with water. Dry 
and ignite the residue in a porcelain crucible. Multiply 
the weight of the precipitate less that of the filter ash by 

; the product equals the sulphur in the sample takeA. 

Behabks. — A sample tested by the latter method gave 
82.62 per cent, and 32.55 per cent, of sulphur ; two separate 
weighings being made for the analysis, and the precipitates 
tested to determine their purity. 



PART IV. 



TABLES ANJ> REFERENCES. 



PRECIOUS STONES. 



ARRANGED ACCORDING TO HARDNESS. 



NAME. 



Diamond. 



Sapphire 
(Corondam). 



Topas. 



Baby (Spinel). 



Bmerald (Aqua- 
marine, Beryl). 



Zircon. 



Agate, Jasper, 

Amethyst, 

Onyx, etc 

(Quartz). 



Garnet. 

Turquoise. 

Lapis-Lazuli. 
Opal. 

Malachite. 



OOLOB. 



Colorless, smokey, 

vellow, green, 

blue, and black. 



Colorless, blue, red, 

yellow, gray, and 

brown. 



Colorless, yellow, 

blue, sreenish- 

blue. 



!fted, blue, green, 

yellow, white, and 

Dlack. 



Green, blue, yellow, 
red, and wnite. 



Colorless, yellow, 

red, brown, 
pink, and green. 



Colorless, white, 

black, red, and 

green. 



Red, brown, yellow, 

white, green, and 

black. 



Blue, white, yellow, 
and red. 



Blue, red, green, 
and colorless. 

Brown, green, and 



Bright green. 



HAKD- 

KB88. 



10. 
9. 

a. 

8. 

7.5 to 8 

7.5 

7. 

7. to 6.5 

6. 

5.5 to 5 

6.5 to 5.5 

4 to 8.5 



SPECIFIC 
GRAVITY. 



3.55 

8.9 to 4 
8.5 

8.5 to 4.9 

2.6 to 2.7 
4. to 4.7 

2.5 to 2.7 

8.15 to 4 

2.6 to 2.8 

2.8 to 2.4 

1.9 to 2.8 
8.7 to 4 



ACTION or 

ACIDS. 



Not acted on. 



Insoluble. 



Not acted on. 



Insoluble in hy- 
drochloric acid. 
Partly soluble 
in sulphuric 
acid. 



Not acted on. 



Insoluble. 



Insoluble. 



Imperfectly sol- 
uble. 



Soluble. 



Gelatinizes. 



More or less sol- 
uble. 

Soluble with ef- 
fervescence. 



BLOWPIPE CHABAO* 
■ TBRISTICS. 



Bums at an intense 

heat, without 

residue. 



Infusible. 



Infusible, cracks at 
a high heat. 



Infusible, changes 
color. 



Fuses with difficul- 
ty on the edges. 



Infusible. 



Infusible, except 

with carbonate of 

soda. 



Fusible. 



Infusible. 



Fuses with intumes- 
cence and gives a 
blue bead. 

Infusible, gives off 
water and be- 
comes opaque. 

Gives off water and 
Fuses. 



SCALE OP HARDNESS. 

1. Easily scratched with the nail. 

2. Not easily scratched with the nail. Does not scratch 
a copper coin. 
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3. Scratches and is scratched by a copper coin. 

4. Not scratched by a copper coin; does not scratch 
glass. 

5. Scratches glass with difficnlty ; easily scratched with 
th(^ knife. 

6. Scmtches glass easily. Not easily scratched by the 
knife. 

7. Not scratched by the knife ; yields with difficulty to 
the file, 

8. Harder than flint. 

9. Harder still. 
10. Diamond. 

METALS— CHARACTERISTICS. 

INCLUDING CAEBON AND SULPHUR, 



METAL. 



COLOR. HABDITBSS. 



8PVCIFIC 
ORAYITT. 



BB8T SOL- 
VENTS. 



Lead. 



Antimony. 



Silver. 



Gold 



Platinum. 



Zinc. 



Mercury. 



Bismuth. 



Tin. 



Copper. 



Bluish, malle- 
able. 



Bluish-white, 
brittle. 



White, malle- 
able. 



Yellow, mal- 
leable. 

Whitish to 
steel-gray, 
malleable. 

Bluish-white, 

malleable, 

brittle. 

Tin-white, 
liquid. 

Reddish to 

silver white, 

brittle. 

Like silver, 

more bluish, 

malleable. 



lied, malle- 
able. 



1.5 



S-6.5 



2.5-8 



2.5-8 



.5 



2. 



1— 



2-8.5 



4-5 



2.5—8 






11.45 



6.8 



10.5-11.1 



15-19 



16-19 



6.8-7,2 



18.5 



9.7 



7.28 



8.9 



Nitric or 
Muriatic. 



Aqua regia 



Nitric and 
sulphuric. 



Aqua regia 



Aqua r^la 



All acids. 



Nitric. 



Nitric. 



Muriatic. 
Sulphuric. 



Cone, acids. 



OK CHARCOAL, 

BErORS THE 

BLP. 



7USIBILITT. 
FAHREMHKIT. 



Fuses and 

gives a yellow 

coat. 

Fuses and 

elves off 

white fames. 

Fuse--, gives 

reddish coat 

with long 

blowing. 

Fuses to a 
button. 



Infusible. 



Oxydizes and 
gives a white 
coat. 



VoUtiliztis. 

Fuses and 
gives an or- 
ange yellow 
coat. 

Gives metal- 
lic globule 
and white 
coat. 

Can be fused 
to a bead. 



234« 



4J5* 



91ff»— 1040» 



201GO 



In flame of 
oxy. h. Blp. 



HSf 



SoUd at-40.5° 



268.ff> 



235«> 



KXff 
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MITAL8. 



Iron. 



Manganese. 



Nickel. 



Cobalt. 



Carbon. 



Sniphnr. 



COLOR. 



Gray, malle- 
able, mag- 
netic. 

Grayish- 
white, orittle. 

Silver-white, 
malleable, 
magnetic. 

Steel-gray to 
red, mag- 
netic. 

Colorless to 
Black. 

Yellow, red- 
dish, greeu- 
ish, brittle. 



HABDNESS. 



4-5 



»-10 



5-6 



5—6 



Variable. 



1—2.5 



sPEcinc 

QRAVITT. 



7.8—7.8 



7.1-8.01 



8.3--8.7 



8.6-^.7 



Variable. 



2.07 



BB8T SOL- 
TENTS, 



All acids. 



Nitric, sul- 
pharic, mu- 
riatic. 



Nitric. 



Nitric. 



Insoluble. 



ON CHARCOAL, 

BEFORE THB 

BLP. 



Infusible. 



Infusible. 



Infusible, 



Infusible. 



Infusible- 
burns. 



asi ^# rn„. Melts and 
JIhL^?.' ^ves off sul- 
pentme,etc. L*{^^rQ^a acid! 



FUSIBILITY, 
FAHRENHEIT. 



Highest heat 

of Forge 
1.500-1.600 



it 



» 



t( 



Infusible. 



Ill®— 114«» 



The value of the various metals changes according to the 
production and demand, save in the case of gold which has 
a standard value of twenty dollars and sixty-seven cents 
per Troy ounce in gold coin, when perfectly pure ; the price 
being determined as follows : 

By the laws of the United States the composition of the 
gold coins for every one hundred parts, by weight, is 90 
parts of pure gold and 10 parts of alloy. 

Eight hundred dollars in U. S. gold coin weighs 43 ounces 

Troy, -j^ of this weight must, therefore, be pure gold= 

38.7 ounces. ^^^ = 20.6718 dollars ; this then is the coin 

value of one ounce. 
Before the immense production of silver depreciated the 

cost of that metal, a similar calculation gave its value in 

gold coin per Troy ounce. No comparison, however, can 

now be made, the price of silver being variable. The value 

was deduced as follows : 

9 

$11.83 silver coin=ll ounces Troy,-—- of this gives the 



10 



12.80 



pure metal =9. 9. ounces. -5^= 1.2929 as the coin value of 
pure silver. 
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IJIAD. 



OBXS. 


CWMPOSXnOK. 


COLOB. 


BABDNS88. 


8FBC1FIC 
OBAYITT. 


SOLUBIUTT. 

SOLYENT8. 


ON CBABOOAZi, 
BBFOBB THB 






Galena. 
Cemaalte. 
Anglesite. 

Pyromor- 
phite. 


PbS. 
FbOO, 
PbS04 

aPb.SP.Oft'^ 
PbCl,. 


Steel gray. 

Variable. 

White, 
tinged with 
yellow, etc. 

Green, yel- 
low, brown, 
Dlae. 

k 


2.5-8.7 

8.7-8 
8.6-4 


7J^-7.7 
6.4 
6.8 

6.5-7 


Nitric acid. 

Mnriat'c 

with 

effervescence. 

Insoluble. 
Soluble. 


Gives off SO, 
and fuses. 

Cracks and 
fuses. 

(( 

Fusible, lead 
coat. 



ANTIMONY. 



Stibnite. 
Oxides. 



Sb^S,. 



SbgOt. 
Sb,Oft. 



Lead-mv 
to blackish. 



Variable. 



8 



8-8 



4JJ-4.6 



fr-6.5 



Solable. 

Muriatic and 
aqua r^^ 



Fuses easilT 
and gives off 
white fumes. 

Fuses and 
volatilizes 



SILVER. 



Kative silver 

and alloys. 

Compounds 

with S.As.Sb. 

Cl.Br.I.Te.Se 
etc. 



See page 188. 



Variable. 



Variable. 



Variable. 



Kitric acid 

and aaua re- 

gia. 



Gives, when 
fused on char^ 
coal with soda 
and test lead, 

and the but- 
ton cupelled ;a 
bead of silver. 



GOLD. 



Native and al- 
loys. Com- 
pounds with 
Te. and Se. 



See page 184. 



Generally 
yellow. 



2.5-8 



15-19 



Aqua regla. 



Fusible to a 

bead, better 

with borax 

glass. 



PLATINUM. 



Native and 
alloys. 



Pb.Ir.As.Pd. 
etc. 



Whiteish, 

blue and 

gray. 



4-^5 



1<^-19 



Aqua regia. 



InfusiUe. 



OEE8— <?HABACTBRI8TI0S, 



131 



ZINC. 



ORBS. 



Blende. 



SmithBonite. 



Calamine. 



Zincite. 



OOXPOSXTIOH. 



ZnS. 



ZnCOg. 



Zn, 8iO| 



ZnO. 



OOLOB. 



Variable. 



Variable. 



Variable. 



Bed. 



HABDincsa. 



8.5-4 



4-4.6 



SPECIFIC 
ORAVITY. 



8.9—4 



4-4.4 



8.3-^.5 



6.4-5.8 



SOLUBIUTT. 
BOLVKNTS. 



Nitric, and 
gives oil HsS 

Nitric and 
other acids. 
Effervesces. 



Glatinizes. 



All acids. 



ON CHABCOAI., 

BBFOBB THB 

BLOW PUPB. 

Infusible. 

Reaction for 

zinc. 

Infusible. 

Reaction for 

2lnc. 

Fuses with 
diffcnlty. Be- 
action for zinc 

Infusible. 
Reaction for 



MERCURY. 



Mercury. 
Cinnabar. 

Calomel. 



Hg. 

HgS. 

HgaClj 



Tin-white. 

Red. 

White to 
brown. 



—1 


13.5 


.Nitric acid. 


2—2,6 


8.9 


Aqua regia. 


1—2 


6.4 


Aqua regia. 



Volatile, 

Volatile,gives 
fumes SOa 

Volatile. 
White cost. 



BISMUTH. 



Native, 

Oxide, 

Sulphide, 

Arsenide. 



Bi-S-As. 

Sometimes 

with Cu. Pb, 

etc. 



Beddish to 
white. 

Variable 
when com- 
bined. 



When pure 
metal. 

2—2.5 



Wben pure 
metal. 

9.7 



Nitric and 
muriatic 



Easily fusible 

Volatile, giv^ 

ing yellow 

coat. 



TIN. 



Cassiterite. 



Stanite. 



SnO, 



Fel^fSnS, 



Variable. 



Steel gray 
to black. 



6-7 



6.8-7.1 



4.8-4.5 



Insoluble. 



Aqua regia. 



Infusible. 

Reaction for 

tin. 

Gives f umev 
of pulphnroufl 
acid and fuses 



COPPER. 



Native and al- 
loys, oxidized 
ores and com- 
pounds, with 
S.As.Sb., etc. 



See page 68. 



Variable. 



2—1.5 



Native, 8.9 
ores, 4—6 



Nitric acid. 



Fusible or re- 
ducible to 
metal, react- 
ion for copper 
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IRON. 



OBI8. 


C0MP08ITX0N. 


OOIiOB. 

Black, mag- 
netic. 


HABDKBSa. 


8FBCIFI0 
GRAVITY. 


Magnetite. 


Fes04 


6.6—6 


4.0-6. 1 


Hematite. 


Fe,0, 


Red to black 


&-6.6 


4.6—6.8 


Limonite. 


2Fe,Os8H30 


Dark brown 


5-6.6 


8.&-4 


Siderite. 


FeCO, 


Variable. 


8.6-^.5 


8.7-^.9 


nmenlte. 


FeTiO,* 
nFe^O, 


Iron-black, 

Blight ly 

magnetic. 


5-« 


4.6-^ 


Franklinite. 


8(FeO.ZnO. 

MnOi.iFeaO, 
Mn,0,) 

■ 


Black 


5 


5.5-G.5 


Pyrite. 


FeS, 


Yellow. 


6-6.5 


4.8-6 



ON CHABOOAI., 
BKFOBB TBJB 
BLOWFIPK. _ 

Muriatic and' Fuses with 



SOLUBIIilTT. 
BOLYBMTS. 



aqua regia. 



difficulty. 



Muriatic and ^°'!L*l?f:,^ 
aqua regia. ^^^^JiJ^- 



Muriatic 
warm. 

Soluble Mith 
efferyeacence 
in hot acids. 



Aqua regia. 



Warm muri- 
atic. 



Nitric acid. 



MANGANESE. 



Oxidized ores 



See page 120. 



Dark brown 
to black. 



1-6 



8-6 



Nicolite. 



Hillerite. 



NiaAs. 



NIS. 



Copper-red. 



Brass or 
bronze-yel- 
low. 



NICKEL. 



&-6.5 



Smaltite. 



Cobaltite. 



Diamond, 

Graphite, 

Coals, Lit^iite 

and Wood. 



Sulphur 

and 

Sulphides. 



CoAs,. 



(Co.Fe.N0A8, 



Tin-white 
to gray. 

Silver-whiie 
to gray. 



8-3.6 

COBALT. 
5.J^-6 

5.5 



7.3—7.6 



5.3—6.6 



'Cone, muriat- 
ic; gives off 
CI. 



Aqua regia. 
Green solu- 
tion. 



Aqua regia. 



6.4-7 



6-«.8 



Nitric acid. 
Pink sol. 



Nitric acid. 



CARBON. 



Pure to vari- 
able. 



Colorless to 
black. 



Variable. 



Variable. 



Insoluble. 



SULPHUR. 



Variable. 



Yellow 
when pure. 



Variable. 



Variable. 



When pure in 
bi-sulphide 
of carbon. 



Infusible, be- 
comes mag- 
netic. 

Infusible, be- 
comes mag- 
netic. 



Infusible. 



Infusible, re- 
action for zinc 



Gives off SO, 
and becomes 
magnetic. Fu- 
ses. 



Infusible. 
Reaction for 
manganese. 



Fuses with 

odor of Ah. 

Beaction for 

Ki. 

Fuses to a 
brittle mag- 
netic globule. 
Reaction for 
Ni. 



Gives off As, 
melts, and rc> 
action for Co. 

Gives off As, 

and becomes 

magnetic. 



Bums leaving 
an ash, save 
in the case of 
the diamond. 



Melts and 

bums, giving 

off SOt in 

most cases. 
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SILVER, — ORES AND MINERALS. 

MiKEBAii. Composition. Per Cent, of Silver. 

When Pure. 

1. Naumannite . . AgSe 73.2 

2. Eucairite CuSe+AgSe 43.1 

3. Hessite AgTe 62.8 

4. Sylvanite (AxiAg)Te, 10—15 

6. Silver Glance. AgS 87.04 

6. Stroineyerite..(Ag,2Cu)S 2.96—53.1 

7. Sternbergite. . AgS+3Fes+FeS, 34.2 

8. Miargyrite . . , AgS,Sb,S. 36.7 

9. Pyrargyrite . .3AgS,Sb,S3 .59.8 

10. Proustite 3AgS, As.S, 65.4 

11. Stephanite . . .5AgS,Sb,S3 68.5 

12. Brogniardite. .PbS,AgS,Sb,S, 26.1 

13. Polybasite . . .9(Ag,2Cu)S,(Sb,As)3S3 68 

14. Tetrahedrite. .4(2Cu, Fe, Zn, Ag, Hg) S, (Sb, 

As,Bi),S, 3,09—31,29 

15. Xanthoconite.(3AgS,As,S0+2(3AgS,As,S3)64 

16. Flreblende . . . Ag— Sb— S 62.3 

17. Freieslebenite 5(Pb, Ag)S,2Sb,S3 22,24 

18. Kerargyrite . . AgCl 75.33 

19. Bromyrite. . . . AgBr 57.4 

20. Embolite Ag(Cl,Br) 61—71 

21. lodorite Agl 46 

Miaerals often containing silver in small quantities : 

1. Galena PbS. 

2. Blende ..ZnS. 

3. Pyrites FeS,. 

4. Chalcopyrite CiL,S,FeaS,. 

6. Erubescite 3Cn,S,FeaS,, 

6. Mispickel FeS.+PeAs, 
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7. Altaite PbTe. 

8. Nagyagite (Pb,Au,Ag).(Te,Sb,S). 

9. Chiviatite (Cu,Pb)S.liBi,S,. 

10. Dufrenpysite 2PbS,As,S,. 

11. Enargite 3Cu,S,As,S,- 

12. Slags, etc. 

13. Cupel Bottoms, Dross, Litharge, etc. 



SILVER — ALLOYS. 
AixoY. Composition. Per <^t. Sh^teb, 

^^ • v/vai^vox*xvr,. yfnj^ PURE. 

1. Native Silver AgAu (generally) 

2. Native Gold AuAg 1—36 

3. Native Copper CuAg sometimes 10 

4. ChUenite Ag,Bi 86.2 

6. Bismnth Silver Ag — Cu — As — Bi 60 

6. Discrasite, Antimonial Silver . Ag.Sb 78 

7. Amalgam AgHg, 35 

" AgHg3 26 

8. Arquerite Ag.Hg 86.6 

9. Artificial Alloys, Silver Coin, Jewelry, etc. 



GOLD — MINERALS. 



Sylvanite — Graphic TeUurium (AuAg)Te, — ^Au 30 — ^Ag 10. 
Nagyagifce — Foliated Tellurium (Pb,Au,Ag)a,Te,Sb,S), — 
Au 9— Ag 0.6. 



GOLD — ALLOYS. 

Native Gold AuAg— Au 66—99. 

Palladium Gold. .Porpezite. . AuPd— Au 85.98 — ^Ag 4.17. 

Ehodium Gold AuRd— Au 69—66. 

Gold Amalgam (AuAg),Hg,— Au 38.39— Ag 5. 

Artificial Alloys, Gold Coin, Jewelry, etc. 
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COINS OF THE UNITED STATES. 

(By Act of Congress, Febniary 12, 1878.) 
GOLD COINS. 



Denomination. 


Weight. 


Fineness. 


Dollar, unit of value 


25.8 grains. 


900. 


Quarter Eagle, $2. 50 


64.5 " 




Three dollars 


67.4 '' 




Half Eagle, $5 


129.0 " 




Eagle, $10 


258.0 " 




Double Eagle, $20 


616.0 " 





Trade Dollar, 
Half Dollar, 50c. 
Quarter '' 25c. 
Dime, 10c. 



Five cent piece 
Three " " 

One " " 



SILVER COINS. 

420 grains. 
12.5 grammes. 
6.25 
2.5 



(( 



u 



MINOR COINS. 

77.16 grains 
30.0 " 
48. 



900. 






Cu 15%, Ni 25% 

a a a u 

Cu 95^ Sn and Zn 

5^,(3^ Sn, 2^ Zn 



MEASUEES OF WEIGHT AND VOLUME. 



AVOIRDUPOIS WEIGHT. 

16 Drams (dr.) make 1 ounce, marked oz. 

16 Ounces make 1 pound, '' lb. 

25 Pounds make 1 quarter, '' qr. 

4 Quarters .make 1 hundred- weight '' cwt. 

20 Hundred-weight make 1 ton *' t. 



TROY WEIGHT. 



20 Grains (gr) make 1 pennyweight . . 

20 Pennyweights make 1 ounce 

12 Ounces make 1 pound 



" pwt. 
" oz. 
" lb. 
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FBENCH OB DECIMAL WEIGHTS. 

10 Milligrammes (mg.) . .make 1 centigramme. . marked eg 

10 Centigrammes make 1 decigramme. . . " dog 

10 Decigrammes make 1 gramme '^ gm 

10 Grammes make 1 decagramme .. " dkg 

10 Decagrammes make 1 hectogramme . " hg 

10 Hectogrammes make 1 kilogramme. . . " kg 

10 Kilogrammes make 1 myriagramme. ^' myrg 

The unit of the system is the gramme =15. 432349 Troy 
grains or the weight of 1 c.c. distilled water at 60^ F. 



ASSAY WEIGHTS. 



Multiples 



) 



4 Assay Tons: 
2 Assay Tons; 

Unit- . .The Assay Ton (marked A. T.)= 

1-3 Assay Ton: 

Sub-Divisions 



1-6 

1-10 

1-20 









a 



it, 



116.66666 grammes. 
: 68.33333 

29.16666 

9.7222 
4.8611 
2.9166 
1.4683 



a 
a 






LIQUID MEASUEE. — ENGLISH. 

4 Gills (gi.) make 1 pint marked pt. 

2 Pints make 1 quart '' qt. 

4 Quarts make 1 gallon *' gal. 

LIQUID MEASUBE. — FEEIS^CH. 

10 Milliliters (ml.) make 1 centiliter marked cl. 

10 Centiliters make 1 deciliter '' del. 

10 Deciliters make 1 liter '' 1. 

10 Liters make 1 decaliter " dkl. 

10 Decaliters make 1 hectoliter " hi. 

10 Hectoliters make 1 Mloliter ^' kl. 

The unit is 1 liter=61.027052 cubic inches, or 1.760773 
pints. 
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CUBIC MEASURE. — ENGLISH. 

1728 Cubic inches (c. in.) make 1 cubic foot, marked cu. ft. 

27 Cubic feet make 1 cubic yard " c. yd. 

16 Cubic feet make 1 cord foot.. '' c. ft. 

8 Cord ft. orl28 cubic ft. make 1 cord " c. 



CUBIC MEASURE. — FRENCH. 

1000 Cubic centimeters (c. c.) make one cubic decimeter or 

litre, marked 1. 
1000 Cubic decimeters make 1 cubic meter or kiloliter, 
marked kl. or cu. m. 
Otherwise the cubic measure is the same as liquid. 



COMPARISON OF UNITS. 

1 Meter =39.37079 inches 

1 Are =(39.37079)' square inches 

1 Liter =(3.937079)' cubic inches 

1 Pound Avoirdupois =7000 gi'ains Troy 

1 Pint, English =34,65923 cubic inches 

1 English ton (2240 lbs.) =15,620,000 grains 

1 Short ton (2000 lbs.) =14,000,(X)0 grains. 



SPECIFIC GRAVITY. 

The specific gravity of a body is the weight of that body 
as compared with the weight of an equal volume of another 
body, assumed as a standard. 

The standard for solids and liquids is distilled water ; 
for gases and vapors, dry air and sometimes hydrogen. 
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All determinations must be made at known temi)eratures ; 
this for solids and liquids is 60° P. 

Gases and vapors may be observed at any known temper- 
ature, and the volume reduced by calculation to what it 
would be at 60° P. 

PormulsB for the determination of the specific gravity of 
solids and liquids : 

a. Solids. 

1. The substance is heavier than water, and insoluble in 
it. Weigh it in air and then in water : 

Ijet the weight of the substance in air=W. 

Let the weight of the substance in water=W^ 

W 

The specific gravity=™ — ™^ 

2. The substance is heavier than water and insoluble 
in it : 

FUl a flask to any fixed mark on the neck, with water, 
and weigh ; the weight= W. W=weight of the substance. 
Place it in the flask and reduce the water to the same level, 
then weigh the flask, plus substance and water left. Ijet 

this weight= W^ 

W 

The specific gravity = 



(w+wo-w^ 

3. The substance is heavier than water, but in fragments; 
soluble or insoluble. Use the same method as in 2. 

4. Thfe substance is heavier than water, but soluble in it: 
Weigh in some liquid of known specific gravity in which 

it is insoluble, in place of water. Calculate as follows : 
Weight of substance in air=W. 
Weight of substance in liquid=W^ 

Specific gravity of liquid=S. 

Specific gravity of water =1. 
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The liquid displaced=W- W'=X. 

Then S is to 1 as X is to W^^the water that would have 

been displaced. 

W 

The specific gravity =^^rp 

5. The substance is insoluble, but lighter than water : 
Weight of the substance in air=W. 

Then weigh in water with a piece of lead attached to 
sink it. Let this=W^ 

Weight of the lead alone in water=W'' 

W 

The specific gravity^ ^,_^,_^^^ - 

6. The substance is soluble, but lighter than water. 

Use the process by the flask as in 2, but substitute ben- 
zine or turpentine for water. 

Weight in air = W ; in liquid = W. Specific gravity 
of liquid = S. Water = 1. W-W^=W^ = Uquid dis- 
placed. S is to 1 as W^ is to X = the water that would 

W 

have been displaced. Specific gravity = ^ 

b. Liquids. 

Three methods may be employed. 

1. By the specific gravity bottle. This is a thin glass 

flask, with a hollow stopper, so as to allow the insertion of 

a thermometer. 
Weight of the flask = W. 

" " filled with water = W^ 

" " the liquid = W". 

Specific gravity = ^^^ITW* 

2. By weighing some body first in water and then in the 

hquid. 
The body weighed in air=W. 

'' " water =W'. 

" " liquid=W^. 

Specific gravity = y^pzTs^' 
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3. By means of the hydrometer, which is an instrument 
that placed in a liquid, shows its specific gravity by direct 
inspection. Its action depends upon the simple principle that 
a body displaces its own weight of liquid. Hydrometers 
vary in construction according to the purposes for which 
they are to be used, but are usually made of light glass 
tubes with bulbs, blown in a single piece ; the weight desired 
being given by means of small shot or mercury placed in 
the bulb at the lower end, which is afterwards carefully 
sealed. 

The graduation may be made according to the true scale 
of specific gravities or arbitrarily; the first is, of course, 
most desirable and generally employed. For commercial 
pui-poses the Baume scale is often used ; it is arbitrary, and 
is determined by marking the point to which the instrument 
sinks in pure water ''0," and the point to which it sinks in 
a solution of 15 parts of salt in 85 of water, ''15," the inter- 
val being divided into 15 equal parts. For specific gravity 
of gases and vapors, see Watts' Dictionary of Chemistry, 
Vol. v., page 360. 



THERMOMETERS. 

Three scales are now in general use. These are : 

1. Centigrade — C. Water freezes at 0°, boils at 100^. 

2. Fahrenheit— F. " " 32^ '' 212°. 

3. Reaumur— R. " '' 0°, " 80°. 



To Convert— F. to C. 5-9 (F.°-32°)=C. 

C. toF. 9-5C.°+32°=F.° 
R.toF. 9-4R.°+32°=F.° 



o 



•N 



Formulae. 
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TABLE OF VALUES FOE GRAIN WEIGHTS. 



Sg'S 1 


^§ : 


o 


S?S 5-0 


o 


Sg'ti 


^§ 


O 




^« 


p 


^!Li » 


.^A i 




^1^ 


t^O 


3- 


5^ 1 


1 


OB g.g 1 O P 


t 


III 

OB SB^tD 


3-^ 

c ^ 


t 






Iff! • 

■ §r 


3 2. 
So 


o 

t 


• So 

; §3 • 
: as. 


r 
1 


s 

o 
2- 


: SS 
: g,^. 


5 o 

S o 
•3 

i 1 






• » ft . 


1- 


t 










1 




i aa 


: ^ 


9 


: aa . 


■ s : 


• 


i aa 


. p. 


m 


.001 


1.21 


$25.11 


7 ^ 


(4.95 ' 


S 929.19 


! 8 


88.69 


$ 1,888.87 


2 


2.48 


50.23 


8 


16.17 ' 


954.42 


4 


89.91 


1,858.59 


8 


8.64 


75.24 


9 i ^ 


17.38 


979.48 


6 


91.12 


1,888.60 


4 


4.86 


100.46 


.040 


18.60 


1,004.65 


6 


92.84 


1.908.82 


5 


6.07 


125.48 


1 


19.81 


1,029.66 


7 


93.55 


1,983.88 


6 


7.29 


150.70 


2 1 


51.03 


1,054.88 


8 


94.77 


1,959. C5 


7 


8.50 


175.71 


3 1 


52.24 


1,079.89 


9 


95.98 


1,984. C6 


8 


9.72 


200.98 


4 


58 46 


1.105.11 


.060 


97. 2J 


2,009.28 


9 


10.98 


825.94 


5 1 


54 67 


1,130.12 


1 


98.41 


2,034.29 


.010 


12.15 


251.16 


6 1 


55.89 


1,155.84 


2 


99.68 


2,059.61 


1 


18.89 


276.17 


7 


67.10 


1,180.35 


8 


100.84 


2,084.52 


2 


14.58 


801.89 


8 


58.32 


1.205.57 


4 


102.06 


2,109.74 


3 


15.79 


826.41 


9 


59.58 


1,280.68 


5 


103.27 


2,134.76 


4 


17.01 


85i.68 


.050 


80.75 


1,255.80 


6 


104.49 


2159.97 


5 


18.22 


876.64 


1 


61.96 


1,280.81 


7 


105.70 


2,184.98 


6 


19.48 


401.65 


2 


68.18 


1,306.03 


8 


106. :J2 


i 2,210.20 


7 


20.65 


426.87 


8 


64.89 


1,331.04 


9 


108.18 


2.235.21 


8 


21.86 


451.88 


4 


65.61 


1,356.26 


.090 


109.35 


2,280.43 


9 


48.08 


477.10 


5 


66.82 


1,381.27 


1 


110.56 


2.285.44 


.020 


24.80 


602.82 


6 


68.04 


1,406.49 


2 


111.78 


2.310.66 


1 


85.51 


527.34 


7 


69.25 


1,431.60 


8 


112.99 


2,335.67 


2 


26.78 


662.56 


8 


70.47 


1 1,456.72 


4 


114.21 


2,360.89 


8 


27.94 


577.57 
602.79 


9 


71.68 


1,481.78 


6 


115.42 


2,385.90 


4 


29.16 


.060 


72.90 


1,506.95 


6 


116.64 


2,411.12 


5 


80.87 


627.80 


1 1 


74.11 


1 1.531.96 


7 


117.85 


2,436.18 


6 


81.50 


658.02 


2 


75.88 


1,567.18 


8 


119.07 


2,461.85 


7 


82.80 


678.08: 


8 


76.54 


1,582.19 


9 


120.28 


> 2,486.86 


8 


84.02 


703.25 


4 


77.76 


1,607.41 


.100 


121.50 


2,511.62 


9 


85.28 


728.26 


5 


78.97 


1,632.42 


.200 


^13.00 


5,028.25 


.060 


86.45 


753.48 


6 


80.19 


1,657.64 


.800 


864.50 


7,181.77 


1 


87.66 


77d.50 


7 


81.40 


1,682.65 


.400 


486.00 


10,046.50 


2 


88.88 


803.72 


8 


82.62 


1,707.87 


.600 


607.50 


15,558.12 


8 


40.09 


828.78 


9 


83.88 


1,732.88 


.600 


729.00 


14,268.66 


4 


41.81 


853.95 


1 .070 


85.05 


1,758.18 


.700 


850.50 


17,581.87 


6 


42.52 


978.96 


1 


86.26 


1,788.14 


.800 


972.00 


20,098.00 


6 1 


48.74 


9M.18 


2 


87.48 


1,806.86 


.900 


1,093.50 


22.604.61 
















' 1000 


1,215.00 


25,116.25 



MULTIPLICATION TABLE FOR GOLD. 



.20.67X1=20.67 
20.67X2=41.34 
20.60X3=62.01 



Example. — Suppose an ore gave an assay 
218.6 oz., then 



20.67X4= 82.68 20.67x7=144.6iJ 

20.67X5=103.35 20.67x8=165.30 

20.67X6=124.02 20.67x9=186.03 

4134 

2067 
6536 
12402, added, will give 

$13080.404 per ton of 2,000 lbs. 



y 
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GENERAL STYLE OF REPORT. 

(Certiflcata.) 

New York, 187 

Dear Sib : 

The sample of 

Prom - 

Marked - 



submitted to me for examination, contains-. 



Very respectfully, 



To 



BUlSK bepobts. 



QUANTITATIVE REPORT. 

^For Reference.) 
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New York, 



.187 



Report of 
Analysis of 



Determination of 
Grammes taken : 
Method of Analysis. 



Actual Calculated Theoretical 

Precipitates. Weights. Constituents. Weignts. Percentages. Percentages' 



Special Kemarks 
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IRON— CRUCIBLE ASSAY. 



Ore— Marked 

Min. Character 
- Composition 
Alumina 
Silica 
lime 

Charge — Ore 
Silica 
lime 
Glass 
Kaolin 
Fluorspar 



In fire — 
Slag, Color 
Appearance 

Button, Wt. 

Character 

Remarks 



per cent. 



a 



No. 1. 
Gms. 


No. 2. 
Gms. 


Hours. 


Hours. 






Gms. 


Gms. 





BEPOBT. 


Assay 
No. 1 
No. 2 


per cent Iron 

u (( a 


Average 
Sample Averaged on 
Dated 


6i u a 

Ore 


No. 


Signed 
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SILVER AND GOLD— CRUCIBLE ASSAY. 



Ore — Marked 

Mill. Character 
Beducing Power 

Charge — Ore 

Litharge 

Carb. Potash or Soda 
13orax, Anhydrous 
Silica 

Charcoal or Argol 
Nitre 
Salt 
In fire — ^to fusion 

after fusion 
Slag, Color 

Appearance 
Lead Button, Wt. 

Character 
Soorification — Fluxes 

Wt. after Ist 
" ** 2d 
Cupellation — Silver and Gold 
Gk)ld in Ore 
Silver 

SHver in Litharge 
Silver in Ore 



Qms.= Qms. Lead. 



No. 1. 


No. 


2. 


A. T. 


t 


A. T. 


<< 




(( 


(< 




ce 


<( 




1 
« c 


<( 


- 


« 1 


Gms. 




Gms. ' 


<< 




<< 


<t 




1 
i« 1 


Mts. 




Mte. 1 


it 


—— 


1 
(( 


Gms. 




Gms. 


! '* 




(( 


Gms. 




Gms. 


(( 


- 


1 


Mgs. 




Mgs.' 


<( 




(( 


(t 




•i 


t( 




it 


(i 


t ( 

1 



Bemarks 



REPORT. 
Contained in 2,000 fts. Ore 

Gold 



Assay 


Gold 


Silver 


Total 


No. 1. 


oz. 


oz. 


oz. 


No. 2. 


oz. 


oz. 


oz. 


Average 


oz. 


oz. 


oz. 


Sample Averaged on 




Ore 


Dated 






No, 






Signed 



Silver 



Total 



BLAITK SBP0BT8. 
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SILVER AND GOLD— SCORIPICATION ASSAY. 

Ore — ^Marked 

Min. Character 



Oliarge — Ore 

Test Lead 
Borax (Anhydrous) 
Silica or Glass 
No. of Scoriflers 
Scorification 
Slag — CJolor 
Appearance 
Button — Character 
Weight 

after 2d Scor. 
" 3d " 
« « 4th *» 

** ** 5th " 

Cupellation 

Gold in Ore 

Silver 

Silver in Test Lead 

Silver in Ore 
Bemarks 








No. 1. 


No. 


2. 




A. T. 




A. T. 




' Gms. 




Gms. 




(( 




<( 




(( 




t( 




Gms. 




Gms. 




(( 




(( 




.<( ' 




(( 




<( 




(( 




Mgs. 




Mgs. 




(( 




.( 




it 




(. 




{( 




(( 


it 


<( 



Assay 
No. 1. 
Fo. 2. 



REPORT. 



Contained in 2,000 ibs. Ore. 



Gold 



Average 

Sample Averaged on 
Dated 

No. 



Gold 
oz. 
oz. 


Silver 
oz. 
oz. 


Total 
oz. 
oz. 


oz. 


oz. 


oz. 



Silver 



Total 






$ 



Ore 



Signed 
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GOLD BULLION ASSAY. 



Alloy — Marked 

Copper Assay 
Bullion 
Lead 

Gold and Silver 
Base metal 

Assay proper 
Cupellation 
Bullion 
Silver 
Lead 
Copper 

Parting 
Comet 

Silver retained 
Gold 



No. 1. 


No. 2. 


Thds. 


Thds. 


Gms. 


Gms., 


Thds. 


Thds. 


(( 


6i 


Mgs. 


Mgs. 

ii 


Gms. 


Gms. 


a 


a ] 


Mgs. 


MgS.j 


III 1 a 


" 1 



Bemarks 



BEPORT. 



Assay 
No. 1. 
No. 2. 
Average 

Dated 
No, 



Gold. 


Silver. 


Base Metal. 


Fine 


Thds. 


Thds. 


u 


(( 


a 



Signed 



BLANK REPORTS. 

SILVER BULLION ASSAY. 



149 



AUoy — Marked 

Cupellation 
Bullion 
Lead 
Silver 

Correction for Loss 
Fineness 

Volumetric Assay 
Bullion 

Normal Salt solution 
Decimal " " 

Total 
Decimal Silver solution 

Total Salt 
Equiv. in Silver 

Fineness 

Be 



No. 1. 


No. 2. 


Mgs. 
Gms. 


Mgs. 
Gms. 


Mgs. 


Mgs. 


Gms. 


Gms. 


1000. Dgs. 


1000. Dgs. 


'' 


u 


u 


a 


u 


a 


Gms. 


Gms. 


Thds. 


Thds. 



Assay 


REPORT. 

Silver. 


Copper, &c. 


No. 1 
No. 2 


Fine. 


Thds. 



Average 
Dated 



No. 



a 



a 



Signed 
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PROBLEMS AND QUESTIONS. 

1 . What would be the best method of assaying a jHwr 
argentiferous sulphide of antimony for the silver ? 

2. Explain the derivation of the assay ton, and calculate 
its weight for England and the United States. 

3. An iron ore contains by analysis — 
Silica 23.96 per cent. ] 

Alumina 6.92 '' ( Calculate the charge for 

Lime 2.72 '' \ Percy's slag. 

Magnesia 4.87 " 

4. What is the theory of the lead assay 1 

5. Describe the operations and the theory of the scorifi- 
cation assay for silver ores. 

6. What would be the best method of treating a pure 
iron pyrites containing gold ? 

7. Mention the reagents employed in the silver crucible 
assay and the action of each. 

8. Given an ore containing, gold .002 per cent.; silver, 
.005 per cent.; which has a reducing power of 2=3.6 of 
lead. Calculate the best charge for assay and give the value 
in ounces and dollars per ton. 

9. 50 gms. of an ore, sifted, gave 2.59 scales and 47.40 
gms. sif tings. The scales, melted down with lead, gave a 
button of 35 gms. 10 gms. of this button yielded, silver 
4.5 mgs. ; gold 1.3 mgs. J A. T. of the sif tings yielded silver 
6.95 mgs.; gold 1.85 mgs. Required the ounces and dol- 
lars per A. T. of the original ore. 

10. An alloy cupelled gave .985 gms. of silver in one 
gramme. Added in the volumetric test. Normal salt, 100 
c.c. Decimal silver, 5 c.c. 99.5 c.c. normal salt=l gm. of 
pure silver. Calculate the weight of the alloy taken for 
volumetric assay and the fineness. 
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11. Calculate the charges for the following reducing 
powerSj the charge of ore being one assay ton : (2 gms. = 
16.5), (2 gms. =.42), (2 gms. =5.2), (2 gms. =1.2). 

12. An ore contains : 

Silver 2.5 oz. ) ,^^ . „ 

Gold 6.8 '« [P*"*°^ 

Lead 16 per cent. 

Also sulphur, antimony and iron in quantity. How should 

it be assayed ? 

13. One gramme of an alloy, cupelled and parted, gave 

silver, 984.2 mgs. ; gold, 8.4 mgs. Wet assay. 

Added normal salt 100 c.c. 

Decime salt 13 '^ 

" silver 3 " 

Strength of normal, 101.2 c.c.=l gramme pure silver. Cal- 
culate the fineness of the bullion. 

14. Describe the reactions that take place in the nickel 
and cobalt assay. 

16. Name eighteen principal reagents for the various 
assays, giving f ormulse. 

16. Describe the advantages and disadvantages of the 
tin assay, lead assay, iron assay, etc. 

17. Mention the ores of lead, tin, iron, silver and gold. 
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Lieber 0. M. : The Assayers' Guide. 

Mitchell John : Manual of Practical Assaying ; edited by 
William Crooks ; New York, 1872. 

Mitchell John : Manual of Practical Assaying ; London, 
1868. 

Overman Frederick : Practical Mineralogy, Assaying and 
Mining ; Philadelphia, 1863. 

Silversmith Julius : Handbook for Miners, Metallurgists 
and Assayers. 

Knapp F. : Chemical Technology. 

Watt Henry : Dictionary of Chemistry ; London, 1866-72. 
See under the heads of the different metals. 

Besides the above, almost all works on the chemistry of 
the metals treat more or less of the assay of the same. 

The books mentioned have been given independent of 
any merit ; there are doubtless many others equally good, 
which the author has not met with. 
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MANIPULATION, POEMUL^ AND CALCULATION. 

The various operations of weighing, mixing, charging, 
etc., have already been described under their appropriate 
heads ; and it only remains to give a few hints on opera- 
tions peculiar or necessary in the perf ormanciB of assays in 
the wet way, or analyses. 

Precipitation. — ^This operation is the sudden conversion 
of a dissolved body into the solid state ; either by a modi- 
fication of the solvent, or decomposition with the formation 
of a new compound. 

The separation of a precipitate is generally aided by the 
action of heat and agitation. 

Porcelain and glass vessels will be found the best. 

In adding the necessary reagent pour in carefully until 
the precipitate ceases to form, unless otherwise directed. 

Filtration. — ^This operation has for its object the sepa- 
ration of the solid particles suspended in a fluid, from the 
same. Various substances might, be used as a filter ; but 
the best is unsized paper, which is prepared for the purpose 
by cutting a circular form and then folding it- into halves 
and quarters, so that it will just fit into a funnel, and not 
project above the rim of the same. For quantitative work, 
the prepared Swedish filter paper will be found the best ; it 
should be cut into circular pieces as described ; which should 
be of a constant size to suit the funnels ; and the ash left 
by burning one of the same caref uUy determined. As a 
rule, it will be found best to moisten the paper before filter- 
ing with water, and to pour the fluid portion through first. 

Decantation. — This is simply a substitute for filtration ; 
the clear liquor being poured off from the precipitate. To 
effect this the vessel should be inclined gently, and the 
liquid permitted to run down a glass rod, held against the 
spout of the same. 
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Washikg. — This is best effected by using a glass flask, 
fitted with a cork, in which is inserted two glass tubes, one 
reaching to the bottom of the flask, and bent to any desired 
angle on the outside, the end being drawn to a point. The 
second tube reaches to just below the cork, and is also bent 
on the outside, but not drawn to a point ; by blowing on 
this tube the water is expelled through the first. Warm 
water will be found the most effective. The completeness 
of the washing may be tested by evaporating a small por- 
tion of the filtrate oji platinum foil, and noting the residue. 

EvAPOBATiON. — ^Porcelain dishes are the best- for this 
operation ; but if the solution is to be evaporated to dry- 
ness it should be conducted over a water bath. A sand bath 
may be used, but care should be taken to prevent loss by 
spattering. 

Ignition. — ^The washed precipitate, after being dried, is 
ignited to completely expel all moisture, or convert it into 
a constant or weighable substance. This is best conducted 
by Jtransf erring to a weighed porcelain crucible, and burning 
the filter paper over it, either on the inverted cover, or by 
wrapping it in a coU of platinum wire and holding it over the 
crucible. The ash should be heated until white, or nearly 
so. The whole operation must be conducted over a piece 
of glazed paper until the filter paper is burnt, after which 
the crucible and contents should be heated over a burner or 
lamp ; gently at first. After ignition the crucible and con- 
tents should be cooled in a desiccator, to avoid absorptipn 
of moisture from the air. 

PoEMUL^ AND CALCULATION. — ^Thc general methods of 
calculation have been given under the various assays, but 
it will be well to bear in mind the following : 

1st. The equivalent of the compound found is to the 
equivalent of its constituent which is sought ; as the weight 
of the compound is to the weight of the constituent. 
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2d. The weight of the substance taken for assay is to 
the weight of the constituent sought as one hundred is to 
the per cent, of the same. 

The equivalents will be found in the table on page 14. 
Tlie equivalent of a compound being equal to the sum of 
the eqtdvalents of the constituents of the same. Thus, 
H,S04 (sulphuric acid) is equal to 2+32+64=98. The 
equivalent of hydrogen (H), being 1. Sulphur (S)=32. 
Oxygen (0)=16. Two parts of hydrogen being 2 ; four 
parts of oxygen =64. 



BLOWPIPE ANALYSIS, APPARATUS AND 

REAGENTS. 

The assayer will find that a knowledge of the proper use 
of the blowpipe wiU prove a great saving of time and 
labor, by enabling him to more f uUy understand the char- 
acter of many substances presented for assay, which he 
could not otherwise determine save by qualitative analysis. 

The first and most important thing in blowpipe analysis 
is to learn to blow and breathe at the same tune, without 
removing the mouth from the instrument or interrupting 
the blast ; this can be done by filling the mouth with air 
and breathing through the nose, expelling some of the air 
into the mouth at each breath. 

The blowpipe flame consists of two distinct portions. 
1st. The outside or oxydizing flame ; 2d. The inner blue 
cone, the point of which is the hottest part of the flame. 
Its action is reducing. This flame is obtained by putting 
the point of the blowpipe about one-quarter of the way into 
the lamp flame. The true reducing flame is entirely yellow, 
the blowpipe point being held Just outside of the lamp 
flame. 

The substance to be tested should be Aiely powdered and 
treated : 

1st. On charcoal. 
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This is l>est done by making a small hole in the right 
hand comer of the coal, nearest the lamp, placing a little 
of the substance in the same and testing first with the oxy- 
dizing and then with the reducing flame, noting the action 
of each and the color of the poating formed, etc. 

The holes in the charcoal should be bored on the edge of 
the grain to avoid splintering. Blow across the coal. 

2d. If the substance treated gives off volatile fumes on 
charcoal, test a'little of it in a closed and open tube succes- 
sively, first alone, and then in the closed tube with a little 
carbonate of soda. Note the coating formed and the color 
and order of the fumes. 

3d. Test the substance with the borax, salt of phosphorus, 
and soda beads successively ; this may be done on platinum 
wire or, if the substance be metallic, on charcoal. To make 
the proi)er sized bead, bend the end of the wire into a loop 
on the point of a sharp pencil, dip it into the reagent and 
melt before the blowpipe until a clear, good bead is formed, 
then add the substance and heat, first in the oxydizing and 
then in the reducing flame. 

4th. Apply special tests, as the color of the flame, the 
action of nitrate of cobalt on the coat formed oa charcoal ; 
adding the cobalt solution and then heating. If the sub- 
stance is not metallic the color of the flame can best be 
noted by testing in the platinum pointed forceps ; moisten- 
ing the material with hydrochloric acid, and bringing it 
into the tip of the blue cone of the blowpipe flame. 

To get the methods of performing the above operations 
the following substances will serve as type examples : 

To test blowing and flames, oxide of manganese and 
molybdic acid. 

To test on charcoal, lead and antimony. 

To test in the matrass or closed tube, cinnabar and arsenic. 

To test in the open tube, stibnite and sulphur. 

To test with the beads. 

Borax bead, oxide of copper. 

Salt of phosphorus, the same and sesquioxide of iron, 

Soda bead, manganese and chromium. 
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OHABAOTEBISTIC TESTS. 

Potassa, colors the flame violet ; best seen through a blue 
glass. 

Soda, reddish-yellow flame. 

lithia, carmine-red flame. 

Ammonia, colors red litmus-paper blue, pungent odor. 

Baryta, burnt with alcohol gives a yellowish-green flame. 

Strontia, crimson flame. 

Lime, colors the flame feebly red, becomes caustic and 
glows when heated. 

Magnesia, gives with nitrate of cobalt a pale flesh-color, 
after long blowing. 

Alumina, gives a fine blue color with nitrate of cobalt. 

Silica, in Sp. Ph. bead gives a semi-transparent skele- 
ton floating in the bead. 

Oxide of antimony, on charcoal, is reduced, and gives 
white fumes and coat and greenish-blue flame. 

Arsenious acid, with soda on charcoal, gives white fumes 
and garlic odor. 

Oxide of bismuth, on charcoal, is reduced to metal, and 
gives an orange-yellow color. 

Oxide of cadmium, coats the coal with a reddish-brown 
I)owder and variegated tarnish. 

Oxide of chromium, with soda in the O. P. gives a 
yellow glass ; in R. P., green on cooling. 

Oxide of cobalt, on charcoal becomes magnetic. With 
borax and S. Ph. beads, smalt-blue glass. 

Oxide of copper, metallic button on charcoal. With 
borax bead, green glass, blue when cold ; red in R. P. 

Oxide of gold, with borax on coal easily reducible to 
metal. 

Oxide of iron, on coal becomes magnetic. Borax bead, 
red to yellow on cooling ; in R. P. , bottle-green. 

Oxide of lead, reducible to metal on charcoal with sul- 
phur-yellow coat and blue flame. 

Oxide of manganese, with soda, on cooling bluish-green. 
With borax, amethyst bead, colorless in reducing flame. 
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Oxide of mercury, volatile on charcoal, metallic mirror 
with soda* in closed tube. • 

Molybdic acid, with S. Ph., yellowish-green, and color- 
less when cold. The bead on coal becomes green on cooling. 

Oxide of nickel, on charcoal, yields a magnetic powder. 
Borax bead, reddish-brown. 

Oxide of silver, on charcoal, reducible to metal. With 
borax, opalescent or milk-white glass. 

Oxide of tin, reducible on charcoal to metal with yellow 
coat, white when cold. With cobalt solution in O. F., 
gives a bluish-green color. 

Titanic acid, with salt of phosphorus bead in B. F., a 
fine violet color. 

Oxide of zinc, yellow coat on coal, white when cold. 
With cobalt solution, green in O. F. 

Chlorine, with oxide of copper in borax bead a fine azure 
blue flame. 

Iodine, with soda, or better, bi-sulphate of potash ; in 
matrass, violet fumes. 

Bromine, with bi-sulphate of potash in matrass, reddish- 
yellow vapors. 

Fluorine, etches glass when mixed with a little sulphuric 
acid. 

Carbonic acid, acid reaction, turns lime-water white. 

Sulphttr, bums on charcoal with a blue flame with odor 
of sulphurous acid ; better in open tube. 



SCHEME FOB BLOWPIPE ANALYSIS. 

The substance may contain As, Sb, S, Se, Fe, Mn, Cu, Co, 
Ni, Pb, Bi, Ag, Au, Hg, Zn, Cd, Sn, CI, Br, I, CO,, SiO., 
HNO., H,0, &c. 

1. Treat on Ch. in the O. F, to find volatile substances, 
such as As, Sb, S, Se, Pb, Bi, Ag, Zn, Cd., &c. 
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a. If there are volatile sub- 
stances present, form a coat- 
ing and test it with S. Ph. and 
tin on Ch. for Sb ; or to dis- 
tinguish between Pb and Bi. 



b. If there are no volatile 
substances present, divide a 
part of the substance into 
three portions and proceed as 
in A. 



Sb. gives gray bead, clear on long blowing ; Bi. clear 
and colorless when hot, blackish-gray and opaque on cool- 
ing ; Pb. cloudy and dark, but never quite opaque. In 
testing for Bi. the antimony must be driven off first. 

If Sb. is present it is not necessary to look for Bi and 
vice versa. These two substances are very rarely found 
together. The same is true of Pb and Bi. 

m . 

2. If As, Sb, S, Se are present, roast a large quantity 
thoroughly on Ch. in the O. P. Divide the substance into 
three portions, and proceed as in A. 



A. Treatment of the First Portion. — Dissolve a 
very small quantity in borax on platinum wire in the O. P. 
and observe the color produced. Various colors will be 
formed by the combination of the oxides. Saturate the 
bead and shake it off into a porcelain dish. 



a. Treat the bead on Ch. with a small piece of lead, sil- 
ver or gold, in a strong R. P. 



6. Pe, Mn, Co, &c., re- 
maih in the bead. 

If the bead spreads out on 
the Ch., it must be collected 
to a globule by continued 
blowing. 

Make a borax bead on pla- 
tinum wire and dissolve it in 
some of the fragments of the 
bead, reserving the rest for 
accidents. 



c. Ni, Cu, Ag, Au, Sn, Pb, 
Bi, are reduced and collected 
by the lead button. 

Remove the button from 
the bead while hot, or by 
breaking the latter when cold, 
on the anvil between paper ; 
carefully preserving all the 
fragments. 
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d. If Co is present, the 
bead will be blue. 

If a large amount of Fe is 
present, add a little borax to 
prove the presence or absence 
of Co, by diluting the bead, 
the cobalt color being more 
intense. 

If Mn is present, the bead 
when treated on platinum 
wire in the O. F. will become 
dark violet or black. 



e. If only Fe and Mn and 
no Co be present, the bead 
will be almost colorless. 

Look here for Cr, Ti, Mo, 
and W. Mo will give a 
cloudy-brown or black with 
the borax bead in the R. F. ; 
owing to the molybdic acid 
being reduced. 



/. Treat the button c on Ch. in the 0. F. until all the lead, 

&c. , is driven off, Ni, Cu, Ag, and Au remaining behind. 

1 

g. Treat the residue on Ch. in O. F. with S.Ph. bead, 
removing the button while the bead is hot. 

h. If Ni and Cu are present, the bead will be green 
when cold. If Ni only — yellow. If Cu only — ^blue. 

Prove Cu by treating the S.Ph. bead with tin on Ch. 
in the R. F., the bead becomes red on cooling. 

Ni and Cu may be separated by fusing them with a gold 
button of equal weight and oxidizing with borax or S.Ph. 
The Ni is dissolved first iii the borax glass. 

i. For Ag and Au make the special test No. 8. 

B. Treatment of the Second Portion. — Drive off the 
volatile substances in the O. F. on Ch. Treat with the R. 
F. , or mix with soda, and then treat with the R. F. , for 
Zn, Cd, Sn. If a white coating is formed, test with cobalt 
solution and observe the color. Tin gives greenish-blue, 
zinc, green. If Zn is found, it is not necessary to look for 
Sn, and mce 7)ersa^ as they very rarely occur together. Cd. 
gives a brown coat and variegated tarnish. 

C. Treatment of the Third Portion. — Dissolve some 
the substance in S.Ph. on platinum wire in O. F., observing 
whether SiO, is present or not, and test for Mn with nitrate 
of potassa, and soda. 
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3. Test for As with soda on Ch. in the R. F., or with 
dry soda in a closed tube. On charcoal it gives garlic odor ; 
in the tube, a metallic mirror. 

4. Dissolve in S.Ph. on platinum wire in the O. F. (if 
the substance is not metallic and does not contain any S.) 
and test for Sb on Ch. with tin in the R. F. See 1, a. 

6. Test for Se on charcoal ; it gives a horse-radish odor. 

6. In the absence of Se, fuse with soda in the R. F. and 
and test for S on silver foil. By moistening the fused mass 
and letting it stand on the foil the latter turns black if S 
be present. In the presence of Se test in open tube. 

7. Test for Hg with dry soda in a closed tube ; a metallic 
mirror is formed. 

8. Mix some of the substance with assay lead and borax 
glass and fuse on Ch. in the R. F. Cupel the lead button 
for Ag. Test with nitric acid for Au, dissolving the silver. 

9. Test for CI and I with a bead of S.Ph. saturated with 
oxide of copper. CI gives blue flame ; I, intense green. 

10. Test for Br with bi-sulphate of potassa in a matrass, 
gives brownish-yellow fumes. 

11. Test for H,0 in a closed tube ; drops collect on the 
interior. 

12. Test on platinum wire, or in platinum pointed for- 
ceps, for coloration of the flame. 

13. Test for CO, with hydrochloric acid, letting the gas 
pass over lime water. 

14. Test for HNO, with bi-sulphate of potassa in a mat- 
rass ; yellow colored fumes, and acid reaction. 

15. Test for Te in an open tube ; forms a grayish-white 
sublimate which fuses to clear, transparent drops when 
strongly heated. Te bums with a bluish-green flame. 
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The above scheme is essentially the same as the one 
used by the students of the School of Mines, New York, 
prepared by Prof. Thos. Egleston. A few changes have 
been made so as to render reference to works on blowpipe 
analyses unnecessary. 

The abbreviations O. F., RF., Oh., and S. Ph., stand 
respectively for oxidizing flame, reducing flame, charcoal, 
and salt of phosphorus, 

BLOWPIPE APPARATUS. 

Blowpipe, with platinum jet, in three pieces, with cylin- 
der to catch the moisture. 

Lamp, for blowpipe, with swivel and stand, four pieces. 

Lamp, alcohol, with brass cover ground to fit, for lighting 
large lamp. 

Forceps, steel, nickel plated (Raynor's), for testing color 
of flames. 

Forceps, brass, to handle small buttons, beads, etc. 

Forceps, steel, for lamp, to raise wick with. 

Plyers, cutting, for clipping minerals, sampling, etc. 

Plyers, flat nose (nippers) for quantitative work, handling 
lead buttons. 

Holder, cupel with two cups and one mould, for cupelling 
lead buttons. 

Holder, charcoal, with platinum ring and shield, for 
quantitative work. 

Holder for evaporating dish, with triangle, for parting, 
making solutions, etc. 

Holder for chimney, to concentrate the flame of alcohol 
lamp. 

Holder for platinum wire, with six wires, for making 
bead tests. 

Holder for matrass, to hold tubes, etc. 

Hammer, for breaking slag, pounding buttons, etc. 

Anvil, 

Borer, charcoal, club shape, to make holes in charcoal 
and coals. 
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Borer, charcoal, four-cornered, to enlarge coal crucibles 
for quantitative work. 

Borer, charcoal, with spatula, for quantitative work, use- 
ful in boring out coals. 

Capsule, mixing, brass, gilded, to mix charges for quan- 
titative work in. 

Spatula, mixing, steel, for mixing charges. 

Spoons, ivory, two, for measuring out reagents, etc. 

Brush, assay button, for cleaning buttons before weighing. 

Charcoal saw, to shape charcoal. 

Tray, for coal, for quantitative work, mostly. 

Tray, for dirt. 

Scissors, for lamp, to trim, etc. 

Knife, small, with loijg thin blade. 

Magnifier, with two lenses, to examine minerals. 

Magnet, bar with chisel edge, to test for iron, nickel and 
cobalt. 

Form for paper cylinders, for quantitative work. 

Test lead measure, " " 

Small camel' s hair brushes, to clean up with.. 

Moulds for making crucibles, coals, and capsules. 

Steel mortar for crushing minerals. 

Agate mortar for pulverizing. 

A small glass wash bottle. 

Small platinum spoon for fusions. 

Scales for quantitative work ; a bullion balance will do 
as well ; also a measuring scale for buttons. Glass mat- 
rasses, closed and open tubes, porcelain dishes and cap- 
sules, and clay cylinders for coal crucibles. 

For quantitative work the assayer will also require : 

Coal crucibles and capsules. 

Clay " 

Square coals and covers. 

BLOWPIPE EEAGENTS. 

Carbonate of soda, pure and dry. 
Neutral oxalate of potassa, pulverized. 
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Cyanide of i>otas8ium, pulverized- 

Iodide of potassium, 

Borax and borax glass, 

Salt of phosphorus (phosphate of soda and ammonia). 

Nitre (crystals). 

Bi-sulphate of potassa, pulverized. 

Vitrified boracic acid, in small fragments. 

Nitrate of cobalt in solution. 

Test lead, finely granuheted. 

Tin, in foil best. 

Iron. Wire or pieces of Y to V long, 

Gold, in foil. 

Arsenic, metallic. 

Test papers, blue and red litmus. 

Salt, pulverized and dry. 

Fluorspar, fine and dry. 

Silica, ignited and white. 

Oxide of copper. 

Chloride of silver, in paste. 

Starch meal. 

Graphite, fine and pure. 

Concentrated sulphuric, nitric, and muriatic acids. 

Acetic acid. 

Carbonate of ammonia in powder. 

Charcoal cut in blocks S'xVxV- 

Sifted and washed bone-ash. 

GEKEBAL KEMABXS. 

To clean a dirty platinum point hold it in the flame of 
the alcohol lamp with the platinum pointed forceps. 

To clean platinum wires, heat and plunge into muriatic 
acid. 

To break small pieces of mineral, wrap in paper or cloth 
before hammering. 

To trim the wick of blowpipe lamp, cut even with the 
lamp and raise with one point of the steel forceps. 



CHEMICAL APPAKATWS, £TC. 
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CHEMICAL APPARATUS AND REAGENTS. 



(QualitatiTe and QnantitatiTe.) 



APPARATUS. 



Glassware. 
Lipped Beakers, neats of six. 



Plain 
Flasks, 1 oz. 



<( 



u 

a 
u 



a 



(pint) 



16 
24 

3 Litres. 

60 c.c. (measured). 
100 " " 

•200 " " 

i Litre, " 

Specific gravity. 
Pipettes, 10 c.c. 
" 100 '' 
Gay Lussac Burettes. 
Carb. Acid Apparatus (We- 

thereir s). 
Carb. Acid Apparatus (Geis- 

sler' s). 
Wash Bottles, 4 oz. 

U (( O (( 

" 16 " (pint). 

Wash Bottle Tubes. 
Funnels, No. 1 (li inch). 

No. 2 (2f 
No. 3 (3i 
No. 4 (4 " ) 
No. 5 (6 " ) 
No. 6 (6 " ) 

Watch Glasses. 

Convex Covers, 3 inch. 

3i 



ii 
U 

u 

u 



ii 



ii 






Flat Covers, 






a 









u 



(( 



u 



Convex Covers, 4 inch. 

5i 

6 

3 

4 

5 
'' (thick)5 
Pieces Blue Glass. 
Desiccators (covered). 
Bottles, corked, 1 oz. 

2 '' 

3 '' 

4 ^' 
6 " 
8 " 

Glass stoppered, i oz. 
'' " lto6 '' 

Glass tubes 
Glass Rods. 
Calcic Chloride Tubes. 
Funnel Tubes. 

*^ '' (stop cocks). 

Ignition Bulb Tubes. 
U Tubes, set of four. 
" " No. 1 (5i inch). 
" « No. 2 (6 " ) 
" " No. 3 (12 " ) 
Test Tubes, 4 inch. 

li (( a a 

u u 8 u . 

Specimen Tubes. 
Retorts, J Litre. 

i " 
1 '' 

4/ 



(( 

(( 
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POBCELAIN. 



Porcelain Mortars, 4i inch. 

" Ex. Pestle for. 
' ' Evap. Dishes, nests of 6. 
" " 12 inch. 
Casseroles, 3^ 
" 4 

4i 
6 

5J 
Crucibles, IJ 

U 
2 



U 



tb 



u 

U 



U 



(I 



Paper. 

Packages Cut Filters, 3 inch. 

3i 
4 

4i 
5 

6 
7 
8 
9 

Sheets Swedish Paper. 
' ' Glazed Paper. 

Note Books. 



Metal. 

Ring Stands. 
Piles, Triangular. 



Steel Forceps. 

'' (bent). 
Wire Triangles. 

'' " (covered) 2 inch. 

Scissors. 

Pieces Wire Gauze. 

Bunsen Burners. 

Water Baths. 

Watch Glass Clips. 

Sand Baths. 

Set Filter Patterns. 

Platinum Foils, li inch. 

a a Q a 

" Wire, 10 feet. 

'' Crucible, i oz. 
Gkis Stoves. 
Blowpipes. 
Clamps. 

Sundries. 

Filter Stands. 
Test Tube Racks. 
Rubber Tubing, black, Jinch. 
" white,* '' 

Corks. 
Sponge Probangs. 
Horn Spatulas, 4 inch. 

Towels. 

Test Tube Brushes. 

Clay Chimneys. 






(( 



REAGENTS. 



Hydrochloric Acid (concent.), HCl. Hydrochloric Acid 
(dilute), HCl. Nitric Acid (concent. ), HNO,. Nitric Acid 
(dilute), HNO,. Sulphuric Acid (concent.), HaSO,. Sul- 
Dhuric Acid (dilute), H,SO,. Hydrosulphuric Acid, H,S. 
Potassic Hydrate, KHO. Sodic Carbonate, NajCO,. Am- 
monic Hydrate, (NHJHO. Ammonic Carbonate, (NH4),C0,. 
Ammonic Chloride, (NHJCl. Ammonic Sulphide, (NH,),S. 



REAGENTS. 169 

Amnionic Oxalate, (NH,),C,0,. Baric Chloride, BaCl,. Hy- 
dro-Di-Sodic Phosphate, Na^HPO^. Potassic Perrocyan- 
ide, K,Cfy=4KCy,PeCy,. Potassic Perricyanide, K,C9fdy= 
6KCy,Pe,Cy.. Ferric Chloride, Pe,Cl,. Acetic Acid, HC,H A- 
Calcic Sulphate, CaSo^. Mercuric Chloride, HgCl,. Stan- 
nous Chloride, SnCl,. Sodic Acetate, NaC,H,0,. Am- 
nionic Sulphate, (MH^),S04. Potassic Bichromate, K^Cr04. 
CrO,. Magnesic Sulphate, MgSO^. Lime Water, CaH,0,. 
Calcic Chloride, CaCl,. Plumbic Acetate, Pb(C,H,0,),. In- 
digo Solution, CgHjNO. SO,. Argentic Nitrate, AgNO,. Pla- 
tinic Chloride, PtCl^. Ammonic Molybdate, (NHJ^MoO^ 
(4-nitric Acid). Ammonic Sulphocyanide, (NHJCNS. Ba- 
ric Carbonate, BaCO,. Sodic Carbonate (dry), Na,CO,. 
Borax (crystallized), 2NaBO,.B,O.+10H,O. Phosphorus 
Salt (crystaUized), Na(NH,)HP0,+4H,0. Sodic Nitrate 
(crystals), NaNO,. Potassic Cyanide (powder), KCy=KCN. 
Cobaltic Nitrate, Co(NO,),. Ferrous Sulphate (crystals), 
FeSO^. Test Papers (blue, red and yellow). Common Sul- 
phuric Acid, HjSO*. Common Hydrochloric Acid, HCl. 

ExTBA Reagents. — Alphabetical order : 

Alcohol (absolute), C,Hj.OH. Alcohol (common), CaH^. 
OH. Ammonic Fluoride, (NHJF. Arsenic (metallic), As. 
Battery Acid (dilute), H,SO,.1-10. Battery Fluid, 10 parts 
H,0 ; 3 parts HjSO^ ; 1 part K^CrjO,. Benzol (pure), C,H,. 
Benzol (common), C^H,. Bromine Water, Br. Chlorine 
Water, CI. Chloroform, CHCl.. Distilled Water, H,0. 
Iron (wire and plate), Fe . Lead (bar and foil), Pb. Mer- 
cury, Hg. Nitro-Hydrochloric Acid (aqua regia), HNO,+ 
3HC1. Oxalic Acid (crystals), HaC.O^. Potassic Iodide 
(ciystals), KI. Potassic Carbonate (dry), KjCO,. Potassic 
Nitrate, KNO,. Potassic Nitrite, KNO,. Potassic Chlorate, 
KCIO,. Potassic Permanganate (crystals), K^MnjOg, Silver 
(foil), Ag. Sodic Acetate (crystals), NaC^,0,. Sulphur 
(roll), S. Sulphur (flowers), S. Zinc (bar and dheet), Zn. 
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SCHOOL OF MINES, 

COLUMBIA COLLEGE. 

FACULTY. 

F. A. P. BARNARD, S. T. D., LL. D., L. H. D., President. 

T. EGLESTON. E. M., Ph. D., LL. D Mineralogy and Metallurgy,' 

FRANCIS L. VINTON, E. M., C. E Mining Engineering, 

C. F. CHANDLER, Ph. D., M. D., LL. D AnalyHcal and Applied Chemistry, 

CHARLES A. JOY, Ph. D General Chemistty, 

WILLIAM G. PECK. LL. D Mechanics. 

JOHN H. VAN AMRINGE,A.M Mathematics. 

OGDEN M. ROOD, A. M Physics, 

JOHN S. NEWBERRY, M. D., LL. D Geology and Falceontology, 

FREDERICK STENGEL, A. M German, 

JULES E. LOISEAU. A. B., LL. B French. 

ASSISTANCES. 

ALEXIS A. JULIEN, A. M AnalyHcal Chemistry, 

H. CARRINGTON BOLTON, A. M., Ph. D Analytical Chemistty, 

E. WALLER, A. M., E. M., Ph. D Anaytical Chemistry, 

F. A. CAIRNS, A. M Analytical Chemistry. 

I. C. RUSSELL, C: E.. M. S Geology, 

P. DE P. RICKETTS, E. M., Ph. D Assaying, 

G. S. ROBERTS, E. M Drawing, 

WILLIAM H. INGERSOLL, A. M., E, M., LL. B Astronomy, 

JOHN KROM REES, A. M., E. M Mathematics, 

EDWARD J. HALLOCK, A. M General Chemistry. 

C. A. COLTON, E.M Mineralogy, 

JOHN F. MEYER , Registrar, 

The plan of this School embraces five three-year courses for the Degree of 
Engineer of Mines, or Bachelor of Philosophy, viz. : — 

I. Mining Engineering. II. Civil Engineering. III. Metallurgy. IV. Ge- 
ology and Natural History. V. Analytical and Applied Chemistry. 

Persons not candidates for a degree may, by special arrangement, pursue any of 
the branches taught in the school, without previous examination ; for assaying the 
course is two months. 

There is a supplementary year of instruction for the degree of Doctor of Phil- 
osophy. 

R«q.xi.irei3iei:its fbr Adznission. 

THE FIRST YEAR. 
Candidates for the first year must be seventeen years of age, and must Dass a satisfactory ex- 
amination in arithmetic, incfudins the metric system of weights, measures and moneys ; in algeSra, 
the first five chapters of Peck's Manual of Algebra ; and in geometry, on the first five books of 
Davies' L^endre. 

THE SECOND YEAR. 
Candidates for admission to the second year of the School must not be less than eighteen years of 
age. They must pass a satisiactoi^ examination in algebra, geometry, and plane, analytical and 
spherical truronometry, physics, and general chemistry. 

EXPENSES. 
The fee for the iuU course, including instruction, use of laboratories, apparatus, chemicals, 
drawing-room, and students' collection of minerals, is |aoo j>er annum. 
For special students in Chemistry and Assaying, the fee is "^ 



Special students in Assaying are admitted for two months for a fee of $50. 

Pecuniary aid extended to those not able to meet the expense of the School. 

Thb Nbxt Session begins October a, 1876. The examination for admission w^ill be held on 
Friday, September 09. and Saturday, September 30. For Catalogues containing all necessary 
information with regard to the School apply to 

C. F. CBA2TDIiSB, Dean of the Factatsr, 

49M St., comer 4/A Av.^ New York. 
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This journal is the medium of communication for the chemists of the country ; 
not only those who are engaged in theoretical investigation, but also those who 
are devoted to the practical application of chemistry to the arts. 

It contains original Articles ; Reprints and Translations of the most important 
Articles published in this and other countries ; Reports of Chemical Lectures ; 
Abstracts of all original Articles on Chemistry which are published in other 
Journals, and in the Transactions of Learned Societies ; Notices of Books ; Lists 
of Chemical Patents granted at Washington ; Current News relating to Chemists 
and to Chemistry , Questions from, and Answers to. Correspondents. 

Each number contains an average of 40 quarto double-columned pages of reading 
matter. Subscription, Five Dollars per annum in advance. Single numbers, 
50 cents. 

Specimen numbers forwarded free of postage, to parties proposing to subscribe 
for 25 cents. Subscriptions can begin with any number. 

C. F. & W. H. CHANDLER, 

50M St,, comer 4iMAv,, New York, 



LIST OF ADVERTISEMENTS 



OK- 



ASSAYKRS' ST^PPLIKS. 



Theo. Kalb (xeneral Supplies. 

Becker & Sons : Balances and Weights. 

Phoenix Metal & Chkm. Co. Platinum. Goods. 

Hall & Harbeson Metal Work, etc. 

Geo. Wale & Co Metal Work, Lanterns. 

Joseph E. Redman Furnace Linings, Hardware. 

Frasse & Company Tools, Wire, etc. 

Brooklyn White Lkad Co. Litharge, White Lead. 

RoHRBECK & GoEBLEK Apparatus, etc. 

EiMER & Amend Chemicals, etc. 

Whitall, Tatum & Co Reagent Bottles, Glassware. 

Chemical Labels New System. 

Kreischer & Son Furnaces, Muffles, Firebrick. 

J. Goebel & Co Hessian Crucibles, Clay, etc. 

J. & H. Berge Assayers' Supplies. 

Evan Hibbs Cupel Furnaces and Cupels. 

J. Berge & Son Assayers' Supplies. 



Theo. Kalb, 

IMPOKTEK AND DEALEK IN 

CHEMICAL APPARATUS 



AND 



ASSAYERS' MATERIALS, 



ST. LOUIS, MO. 



RARE MINERALS, CHEMICALS & REAGENTS 

Prom the most renowned European manufactories. 

BOHEMIAN GLASSWARE, such as Beaker Glasses, Flasks, Retorts, Fun- 
nels, Glass Tubes for combustion, etc. 

REAGENT BOTTLES, lettered with NAME and SYMBOL blown into 
the glass. 

APPARATUS and INSTRUMENTS for BLOWPIPING and for CUPEL- 
LING, imported from FREIBERG, GERMANY. 

ASSAY BALANCES, fine WEIGHTS of Silver, Brass and Platinum. 

CHARCOAL UTENSILS, Trays and Cupels. 

CRUCIBLES, French and English, Berlin Porcelain, Hessian Clay, Black 
Lead and Platiaum. 

COLLECTIONS of crystallographic models, MINERALS AND 
ROCKS, in boxes with catalogue, for BLOWPIPE EXPERIMENTS, illustrat- 

the DIFFERENT DEGREES OF HARDNESS, ETC. 

BONE ASH CUPELS and SCORIFIERS. 

ASSAY MUFFLES of French, English, and American manufacture. 
BLOWPIPES, APPARTUS and REAGENT CASES. 
SPIRIT LAMPS, BUNSEN BURNERS, BERZELIUS' LAMPS, etc. 
PLATINUM, wire, foil, and manufactured into vessels. 
MORTARS of Agate, Porcelain, and Iron. 

BERLIN PORCELAIN, Evaporating Dishes, Cups and Vessels. * 
ARTICLES AND INSTRUMENTS of NEW CONSTRUCTION IM- 
PORTED TO ORDER from the best European manufactories. , . 



Price List furnished on Application, Free of Charge. 



BECKER^ SONS, 

Balances & Weights of Precision. 

NO. 232 EAST 128th STREET, NEW YORK. 



Every Balance and set of Weights leaving this establish- 
ment is guaranteed to be accurately adjusted as represented 
in our Price List, which can be had upon application. 

Becker & Sons beg leave to state, that for some time past 
we have been aware that imitations of our Balances and 
Weights have been placed on the market, represented as 
being manufactured by us ; and would caution our custo- 
mers that only the goods made by us bear our firm name. 

N. B. — We would also call attention to the fact that we 
have withdrawn our agency from Mr. E. B. Benjamin, who 
has acted as our agent for several years. 



PURE PLATINUM, 

PI^JlTM. •W-IS.E, and JfOJJ^. 

Chemical Vessels & Apparatus 



nt STOCK AND & 



ASSAYS OF ORES AND ALLOYS, 

ANALYTICAL WORK 

Of every oharaotet promptly attended to. 

Platinum Scrap, Jewelers' Alloys, Filings, &c. 

BOUGHT OR SEPARATEU AND REMELTED. 



CHEMICAL PREPARATIONS FOR JEWELERS' USE, 

AND PLATING SOLUTIONS OF ALL 

KINDS, A SPECIALTY. 

OFFICE, ROOM 1 , 1 60 BROADWAY. 
Ciixiulars Bent on appliaBtion. 



HALL & HAEBESON, 

MANUFACTURBItS OP 

CtLemical & Physical Apparatus 

For Colleges, Laboratori^, Chemists, etc. 
Superior Workmanship and Moderate Prices. 

SPECIALTIES : 

Aflsaj Outfits for Wet and Dry Ma%ja : Assay Fnmacea, H. Troemner's 

complete aeries of Balances, Crucibles, Cupels, Mnfflee, Beat German Scorifi- 

era, Tonga of all kinds, Finest Bohemian Glaissware, and Berlin Porcelain 

Ware for Analyses, all atylea of Alcobol Lamps, and 



Of the latter we have H^ will not bum at the base 

fifteen different styles. I when turned low. Bun- 

Our B. Burners give an 1 sen's Improved Blast 

entirely blue flame, and^^^^B Lamps. 



BUNSEN'S IMPROVED GAS COMBUSTION FURNACES 



With 10, 16, 20, and~2d Burners, Tith'extra dajs. 
XiikOee's NiOKBCi-PiuiTBD BiiOWPiPBa ; also Piatthbr'b and B^bzeltob'. 

BiiOWPiPB ApFABATOa of all kinds, eitlier Beparatel? or in seta, for Assaf- 
ers and Prospectors. Eatimates and illustrated catalogues furaished on 
application. Apparatus of every description carefully repaired and made 
to order by experienced and skilled artizans. Heavy Copper Oxygen 
Betorts, Water Baths, etc. 

No. 191 Greenwich Street, new York. 

BENRT D. HALL, JOUEPH R. HABBKBOII, 

Late with K. B. BSDjuniu. ronmul} ol PhlUdelpbta. 



GEO. WALE & CO., 



Manufnctnre the COLLEGE LANTERN, for which they have received the 
SCOTT LEGACY PREMIUM of the FRANKLIN INSTITUTE, and the 
SILVER MEDAL OF THE AMERI- 
CAN INSTITUTE. See also Report of 
Committee of ^ience and Arts of Fronk- 
Uo Institute, Vol. LXX, p. 301, 1875. 

The following letter is only a speci- 
men of namherlesi others of like sub- 
stance which have been received from 
Kuch gentlemen as Dr. Chandler, of New 
York, Prof. Cross, of Boston, Dr. Bar- 
ker, of Philadelphia. 

Department of Physics, 1 

Cornell Ukiversity, [■ 
Ithaca, N. v., Feb. 11, 1875. ) 
Gentlemen: As to your College Lao. 
ttm.aSitiasingit/arlareej^ari, 1 lihould 
only reiterate in stronger terms what I 
wrote after the first brief trial. Optically, 
it is all one could ask ; mechanically, it 
is a fine piece of workmanship, and I 
have never seen its equal for the facility 
and celerity with which the varioas ad- 
justments con be made. It works equally 
well as a verlical or horizontal lantern, 
except, of course, the neces-ary loss of 
light from reflection, and (he change can 
be made from one to the other, as I h ive 
many times made it in the midst of a lecture, in less ilian half a minute. I receive 
many inquiries about lanterns, and I alioayi refer them to you. 

WILLIAM A. ANTHONY. 
Microscopic and Polarizing Attachments, proHucinj; effects far surpassing any- 
thing before manufactured, are also on hand. Also, Bllacbmentsfor spectrum pro- 
jections, lor diffraction, Prof. Morton's Chro- 
matrope. Eclipse Slide, &c., &c. 

Also, manufacture the VERTICAL. 
the EXPERIMENTER'S an I the PHO- 
TOGRAPHER'S LANTERNS, together 
with MICROSCOPIC, POLARIZING, 
and various special attachments ; SPEC- 
, TROSCOl'ES of various forms. 
' Also, NON-RETREATING BUN- 

SEN BURNERS, superior finish. 75 ceifts 
each ; $6 per doien. COPPER WATER- 
BATHS, BKlra heavy, sJ^ inches diameter, $1.50 each ; $15 per dozen. PLAT- 
NER'-S BLOWPIPES AND APPARATUS of superior quality, nickel plated, st 
reduced rates. GLASS SLIDES AND PHILOSOPHICAL APPARATUS 
generally, at low rates. 

ILLUSrMTSS PaiCE U3T3 SEITT OH iSVURtZm, 



JOSEPH E. REDMAN, 

852 THIRD AVENUE, COR. 52D STREET, 

NE^W YORK OITY. 

IROIsr AND BRICK 

PORTABLE FURNACE LININGS, 

"Witlx Ora^to IBeirs, 
As nsed in the School of Mines, Columbia College. 

ASSAYERS' SUPPLIES, 

SPECIALTIES : 

Roasting Pans, 

Sand-Baths, 

Tongs, Pokers, 

Pincers, Shears, 

Mortars and Pestles, 
Anvils, Vises, 

Files of all kinds. 

Sieves of all sizes. 

Wooden Mallets, 

Hammers and Dies, 

TOOLS OF EVERY DESCRIPTION. 

Sheet Iron, Copper, and Tin Articles 

MADE TO ORDER AT MODERATE PRICES. 

HARD^W^ARE OF ALI^ KINDS. 



fXSTABLtSHED ISIS j 



FRASSE& COMPANY, 

Fine Tools, Files, Steel Wire, 

■nd Snpplia ror 

Assavists. Jpwelers, Tel^rapb and Optical Instmineiit 

Manufacturers, Machinists and Worters in Metal 

of every description, 

Apentd for I lie -Assaying. Melting, Denial and Enameling 

Pnmaces. Crucibles. Retorts, Scorifiera, Roasting Dishes, 

Porous Cells, and orlier goods mannfactured by the Pat. 

PlumbaL'o Crncible Co.. Batt^rsea, England. 




Forges, Anvila. Hammers, Vises, Turning lathes. Slide 
Rests, Cliucks and Twist Drills in |rr(.»at variety. Nippers, 
Plyers, Tweezers, Fire and Crucible Tongs, Screw Stocks. 
Taps and Dies, Machine and Wood Screws, Circular Saws, 
Saw Blades, Frames and Machines, and Fancy AVoods of 
all kinds for Scroll Sawinp, Brass. German Silver, Copi)ei, 
Iron and Steel Sheets. Bar^ :ind Rods. Emery Cloth. Paper 
and Powders. 

to I Stubs' T(k>ls, Files. &teel Wire, Bak asd Sheli 
o^ Steel. 



\>^ INCORPORATED 1826» ^L/ 



MANUFACTURERS OF 



PURE WHITE LEAD 



DRY AND IN OIL. 



LITHARGE 



TTor Assaying !Pixrposes, Potters' XJse, and. 
India Rubber M^annfactnrers. 



Flake Lithaeg-e 



FOR GLASS MAKERS. 



Business OfB.ce, 89 Maiden Lane, 



New York 



Rohrbeek & Gflebeler, 

NO. 4 MURRAY ST., NEW YORK. 

Importen md Hannfictiirma of 



INSTRUMENTS, UTENSILS, 

and Materials for Metallui^gical Assaying, 

for the Cupellation of Gold and Silver, 

and for Mineralo^cal Detennination. 

Alw> Dealenlu 

MINERALS, PURE CHEMICAI^ and 

REAGENTS, 
inf onn their cnstomers that their stock 
of the above articles has been lately com- 
pleted to a great extent by new importa- 
tions of partly new apparatus, and by 
the increase of facilities in the manufacture of those goods 
here and in Europe, so that they will be prepared to fill 
orders without delay, and to furnish first-class articles at 
prices lower than other dealers. 

ROHRBBCK & GOEBELER also beg to infonn then 
friends that Doctor W. I. Rohrbeck, of Berlin, has lately 
entered personally into the firm, of which until now he was 
a silent partner, and that in connection with Doctor J. 
Pettback, also of Berlin, he will superintend the scientific 
and illustrative branches of the business, which otherwise 
will, be conducted on the same principles, and with the same 
care in the speedy and conscientious execution of orders as 
In forme); years. 

Catalogues will be mailed on application without charge. 



EIMER & AMEND, 



205, 207 and 209 THIRD AVENUE, N. Y. 



nCPOBTEBS OF 



Chemicals, Minerals, Chemical Glassware, 

Porcelain "Ware, 

and all Apparatus used in Laboratories. Keep constantly 

on hand a fall, stock of 

Crude & dLem. Pure Chemicals, 

C. p. ACIDS AND REAGENTS, 

BARE CHEMICALS, COLLECTIONS OF MINERALS 

AND SINGLE SPECIMENS, 

COLLECTIONS OP METALS, ALKALOIDS, etc. 



Chemists, Colleges, Schools and Laboratories supplied with 

Chemicals and Apparatus at 

and aU orders executed with great care. 



WHITALL, TATUM & CO., 

MANUFACTURERS OF 

Flint, Green and Amber 

GLASSWARE, 



Chemists', Druggists', and Perfumers' Uses. 

NEW REAGENT UOlTLES. LETTERED. 

These botiles have the chemical names »nd equivalents distinctly blown in 

the glass, thus avoiding the danger of confusion, and the unsightly appearance 

of Taper I-abeled Bottles, also the heavy expense of bottles -wich engraved labels. 

We have moulds for the following humid Reagents : 

1 Hydric Sulphide (Amber). 
a. Hydric Chloride. 

3. Hydric Acetate. 

4. Hydtic Sulphate. 

5. Hydric Nitrate. 

6. rotas>ic Ferrocyanide. 

7. Potassic ^ulphocyanide. 

8. Potassic Carbonate. 

9. Potassic Sulphate. 

10, Potassic Iodide. 

11. Potassic Ferricyanide. 
1*. Potassic Hydrate. 

13. Potassic Acid Chromale. 

14. Di Sodic Hydric Phosphate. 

15. Ammonic Hydrate. 

16. Ammonic Sulphide (Amber). 

17. Ammonic Chloride. 
iS. Ammonic Carbonate 
ig. Ammonic Onalue. 
so. Baric Chloride. 

ai. Calcic Chloride 
3Z. Calcic Sulphate. 
23. Calcic Hydrate, 
34. Magnesic Sulphate. 
s$. Mercuric Chloride. 

26. Argentic Nitrate (amber). 

27. Plumbic Acetate. 

28. Feiroua Sulf.haie. 
eg. Ferric Chloride. 

30. AlcohoL 

31. Ammonic Sulphocyanide. 
3a. Baric Hydrate. 

Contents, 4^ Fluid Ozs., « - - . 

OR }i Litre. 
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approval of Ihe Lettered Rcwent Boilles, and we haverecc 
tones. We have also hatr-pim and pint Re^Enli and Acid B. 
ba gliul to furnish Pricq for abova on application. Wd also i 



WHITALL, TATUM & CO.,. 

46 and 4S Barclay St, New York. 



CHEMICAL LABELS 



ZN xh:k 



NEW SYSTEM. 

A. set of rtexjuply five KuncLrecL labels tn tJte 
-n.e'w systerrty jpvintecL on QoodL papev, vrzll be 
sent hy maily on receipt of Fifty Cents. 

A.ciciress, C. F. CHANDLER, 

School of Mines, Columbia College, 
50th St., Cor, 4th Ave., New York, 

FERROUS SULPHATE 

FeSO, 

LITHARGE 

PbO 



BORAX 

2NaBO,.B,O.+10H,O 



RLAGK FLUX •-— 

3Flonr+10Na,CO, 



SALT 

NaCl. 



FffiE-BRICK MANUFACTORY, 



AND STATEN ISLAND 



CLAY EETOET WOEKS. 



B. KREISCHER & SON, - - - Proprietors. 



EJSTuA-^BXjISHEIID 184S. 



Office for both Works 



No. 58 GOERCK STREET, 

Comer of Delancey. NEW YORK. 



Fire-Brick of all shapes and sizes, Grashoiise and Green- 
house Tiles, Gashouse and Sugarhoase Clay Retorts, Assay 
Furnaces, Muffles, Bakers' Oven Tiles, Blocks and Slabs of 
all sizes, Grate Fixtures and Stove Linings, Superior Fire- 
clay and Fire-Sand, Superior Cupola and Bosh Brick for 
the Mackenzie Patent Blast Furnaces and others, 

WHOLESALE AND RETAIL. 

The South Ferry, East Broadway and 42d Street Cars 
bring passengers in front of our Works. 



J. GOEBEL & CO, 



129 MAIDEN LANE, NEW YORK, 



DfPOBTBRS AND ICANUFACTTIRBB8 OF 



HESSIAN SAND CRUCIBLES 



GALLIPOTS, CLAY PIPES AND GERMAN CLAY. 



(Extra, Selected from their own Mines.) 



BRANCH OF 

HEINBICH GOEBEL SOEHNE, 

Manufacturers and Miners, 

GROSSALLMERODE, 

Germany. 



N. B. — The Sand Crucibles are selected expressly for the 
American Market, and guaranteed to be the very best im- 
ported. 



TESTIMONIAL : 

These Crucibles have been used in the Assay Laboratory 
of the School of Mines for ten years, and liave given entire 
satLs&ction. 

C. F. CHANDLER, 

Professor of Analytical and Applied Chemistry. 



[ ESTABLISHXD 18:0.] 

J. & H. BERGE, 

Importers of 

SAND CRUCIBLES AND COVERS, 
Best Freiberg Scorifiers, 

SELECTED ENGLISH. BORAX, 

For Assayers, etc., etc. 

ALSO DEALERS IN ALL KINDS OP FLUXES. 

Sole Agents for Boulter's Superior Muffles. 

AGENTS FOR HIBBS' IMPROVED ASSAY FURNACES, 

Agents for the Joseph Dixon Crucible Co. 

Fine Bohemian Glassware. Supports of all kinds. 

Boras (Melting), Saltpetre, Pearl Ash, Cyanide of Potas- 
sium, Bone Ash, Soda Ash, Bi-Carb. Soda, Sal Ammo- 
niac, Red Lead, Test Lead, Litharge, Tongs (Iron 
and Steel, all sizes), French Crucibles, fYench 
Annealing Cups, etc., French Filtering Bags and Paper, 
Glass Flasks, Assay Bottles, Copper Tests, 
Berlin Porcelain Crucibles, Berlin PorcaJain Cas- 
seroles, Porcelain Evaporating Dishes, Cupels, Cupel 
Moulds, Muffles, all kinds and sizes, Mortaa^ and Pestles. 

Furnace Linings of all kinds constantly on hand. 

No. 95 JOHN STREET, 

Bet. Gold and Cliif Streets. NEW YORK. 

P. O. Box 4280. 

J. & H. BERGE are the only firm in the United Stales in this line of business 
who can offer their customers the benefit of an experience of ov«t jt^-^wtcr of a 
century. As they are making constant additions lo Iheir Slock, and deal in the 
best articles only, selected from the best man u fact urers of Europe B.nd this coun- 
try, thej; have the largest variety of Goods in thetr line, and cannot he excelled in 
their ability to meet the demands of customers, who can aiways depend on findiDg 
their Goods exactly as represented. 



HIBBS' FURNACE, 



ASSAYEES, CHEMISTS, AND EXPERIMENTERS. 

The Muffle of which can be placed in and out of position 
whenever required, and all f nraea made therein car- 
ried up the Flue. 

Oonvenieiit, Complete and. ComparCt. 



For Sale by Dealers in Assayers' and Chemists' Goods. 

Mr. Hibbs also desires to inform Aasayers and Chemlnte tliat he is now 
making- a new aad superior Cupel Furnace, to bo ready by December lat 

EVAN HIBBS, 

Setidence and Ldbovatory, 133 Seventh St., Broeklun, E. D, 



J. BERGE & SON, 

(Late J. & H. Berge,) 

SAND CRUCIBLES AND COVERS, 

FBENCH CBUCIBLES AND COVERS, 

MUFFLES, CUPELS, etc. 

German, French and Bohemian 

PORCELAIN AND GLASS WARE, _ 

Foi" Jewelers. Assayers, Chemists, etc. 

SELECTED ENGLISH BORAX, GERMAN TRIPOLE, 

Tools and Materials, 

For Jewelers, Silvebsmiths. and Engkavehs. 

Solo Agents for the Celebrated 

Also agents for the Joseph Dixon Crucible Co. 

Manufacturers of Berge's Celebrated Assay a4id Enamel 

Fvirnaces, Muffles, etc. 
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», Be.ker QUmm. 


P™r1.tidP0Wl«». 


»na Colo 




Bowl-. 


FillerinnPapw. 


8qda-A.b, 


R«4LcBd, 








BL-Carb. 3oiU. 


T««t Lead, 






Scale*, 




Sal Ammonia. 






Balteriea. 


Cupels, 


Rooge. 








Ketons. 


Cupel Mould, 








Iron Mortirs, 


French Crucible., 




Porcelain RoMti 




Mufflea and C 








PiBte Wife and Foil, 


ToolB and Ma 


etia 


B. 


BobemUnOlaae 



No. 43 JOHN STREET, 

Bet. Nassau and William St8. NEW YOEK. 



